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(54) Hybrid vehicle drive force control device and control method 



(57) In a hybrid vehicle wherein the rotation torque 
of a motor and engine are input to a continuously vari- 
able transmission, a target speed ratio is determined 
from a target engine rotation speed set based on a target 
drive torque of said vehicle and a vehicle speed. A target 
combined torque of the motor and engine is set based 
on the target drive torque and a real speed ratio of the 
transmission. A target motor torque is determined based 



on the target combined torque and the input rotation 
speed of the continuously variable transmission. A value 
obtained by subtracting the target motor torque from the 
target combined torque is set equal to a target engine 
torque. The drive force of the hybrid vehicle is optimized 
by controlling the engine, motor and continuously vari- 
able transmission by the target engine torque, target 
motor torque and target speed ratio thus obtained. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a drive torque control s 
of a so-called parallel hybrid vehicle which transmits the 
power of an engine and a motor/generator to drive 
wheels via a continuously variable transmission. 

BACKGROUND OF THE INVENTION 10 

[0002] Tokkai Hei 8-251708 published by the Japa- 
nese Patent Office in 1996 discloses a parallel hybrid 
drive system for a vehicle wherein an engine and motor/ 
generator are connected to drive wheels via a V-belt »5 
continuously variable transmission. 
[0003] A motor/generator is a device equipped with 
the functions of both a motor and a generator so that a 
rotor is rotated according to the energizing of the coil of 
a stator, and the coil of the stator generates a current 20 
according to the rotation input to the rotor. 
[0004] Tokkai Sho 62-1 1 0536 published by the Japa- 
nese Patent Office in 1 987 discloses a drive force con- 
troller for a vehicle equipped with an electronic throttle 
and a continuously variable transmission. A target vehi- 25 
cle drive torque is calculated based on the depression 
amount of an accelerator pedal and the vehicle speed, 
and a target rotation speed of the input shaft of the con- 
tinuously variable transmission is calculated from the 
target vehicle drive torque and vehicle speed, and a tar- 30 
get speed ratio of the continuously variable transmission 
is set to achieve the target rotation speed. Also, a target 
engine torque is calculated from the target speed ratio 
and target vehicle drive torque. The speed ratio of the 
continuously variable transmission is controlled to the 35 
target speed ratio, and the degree of opening of theelec- 
tronic throttle is controlled to obtain the target engine 
torque. TheJorque required by a driver is thereby ob- 
tained. 

40 

SUMMARY OF THE INVENTION 

[0005] In the above-mentioned hybrid drive system, 
the proportion of the output torque of the engine and 
motor/generator varies depending on the running state. 
For this reason, the above-mentioned drive force con- 
troller is not applicable to the hybrid drive system. 
[0006] It is therefore an object of this invention to cor- 
rectly control the drive force of a parallel hybrid vehicle 
which transmits the drive torque of the engine and mo- so 
tor/generator to the drive wheels via the continuously 
variable transmission. 

[0007] In order to achieve the above object, this in- 
vention provides a control device for controlling drive 
force of a hybrid vehicle. The device controls, according ss 
toa depression of an accelerator pedal, an output torque 
of an engine, an outpuf torque of a motor which varies 
according to a supply current from a battery, and a 



speed ratio of a continuously variable transmission 
which is connected to the engine and the motor.. 
[0008] The device comprises a sensor for detecting a 
depression amount of the accelerator pedal, a sensor 
for detecting a vehicle speed, a sensor for detecting an 
input rotation speed of the continuously variable trans- 
mission, a sensor for detecting ah output rotation speed 
of the continuously variable transmission, an engine 
controller for varying the output torque of the engine 
based on a target engine toque, a motor controller for 
varying the output torque of the motor based on a target 
motor torque, a speed ratio controller for varying the 
speed ratio of the continuously variable transmission 
based on a target speed ratio, and a microprocessor. 
[0009] The microprocessor is programmed to set a 
target drive torque of the vehicle based on the depres- 
sion amount of the accelerator pedal and the vehicle 
speed, set a target engine rotation speed based on the 
target drive torque, set the target speed ratio based on 
the target engine rotation speed and the vehicle speed, 
calculate a real speed ratio of the continuously variable 
transmission from the input rotation speed and output 
rotation speed of the continuously variable transmis- 
sioaset a target combined torque of the engine and the 
motor based on the target drive torque and the real 
speed ratio, set the target motor torque based on the 
target combined torque and the input rotation speed, 
and set the target engine torque based on the difference 
of the target combined torque and the target motor 
torque. 

[0010] This invention also provides a control method 
for controlling drive force of a hybrid vehicle wherein an 
output torque of an engine, an output torque of a motor 
which varies according to a supply current from a bat- 
tery, and a speed ratio of a continuously variable trans- 
mission which is connected to the engine and the motor 
are controlled according to a depression of an acceler- 
ator pedal. 

[0011] The method comprises detecting a depression 
amount of the accelerator pedal, detecting a vehicle 
speed, detecting an input rotation speed of the continu- 
ously variable transmission, detecting an output rotation 
speed of the continuously variable transmission, setting 
atarget drive torque of the vehicle based on the depres- 
sion amount of the accelerator pedal and the vehicle 
speed, setting a target engine rotation speed based on 
the target drive torque, setting a target speed ratio 
based on the target engine rotation speed and the ve- 
hicle speed, calculating a real speed ratio of the contin- 
uously variable transmission from the input rotation 
speed and output rotation speed of the continuously var- 
iable transmission, setting a target combined torque of 
the engine and the motor based on the target drive 
torque and the real speed ratio, setting a target motor 
torque based on the target combined torque and the in- 
put rotation speed, setting a target engine torque based 
on the difference of the target combined torque and the 
target motor torque, varying an output torque of the en- 
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bodiment of this invention. 

Fig. 18 is similar to Fig. 4, but showing a fourth em- 
bodiment of this invention. 
Fig. 19 is a diagram describing a map of a battery 
5 charging efficiency stored by the target value set- 
ting controller according to the fourth embodiment. 
Fig. 20 is similar to Fig. 9, but showing the fourth 
embodiment of this invention. 
Fig. 21 is similar to Fig. 4, but showing a fifth em- 
10 bodiment of this invention. 

Fig. 22 is a diagram describing a map of target mo- 
tor power stored by the target value setting control- 
ler according to the fifth embodiment. 
Fig. 23 is a diagram describing a map of a target 
1$ engine power stored by the target value setting con- 
troller according to the fifth embodiment. 
Fig. 24 is similar to Fig. 9, but showing the fifth em- 
bodiment of this invention. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



gine based on the target engine torque, varying the out- 
put torque of the motor based on sad target motor 
torque, and varying a speed ratio of the continuously 
variable transmission based on the target speed ratio. 
[0012] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a schematic diagram of a drive force control 
device according to this invention. 
Fig. 2 is a schematic diagram of an engine controller 
according to this invention. 
Fig. 3 is a schematic diagram of a motor/generator 
controller and a speed change controller according 
to this invention. 

Fig. 4 is a block diagram which describes the data 
processing of a target speed ratio, target engine 
torque and target generator torque performed by a 
target value setting controller according to this in- 
vention. 25 
Fig. 5 is a diagram showing a map of a target drive 
torque stored by the target value setting controller. 
Fig. 6 is a diagram showing a map of a target engine 
rotation speed stored by the target value setting 
controller. 30 
Fig. 7 is a diagram showing a map of a target motor/ 
generator torque stored by the target value setting 
controller. 

Figs. 8A and 8B are diagrams showing a map of a 
torque ratio stored by the target value setting con- 3S 
troll er. 

Fig. 9 is a flowchart describing a process of com- 
puting the target speed ratio, target engine torque 
and target generator torque performed by the target 
value setting controller. 40 
Fig. 10 is similar to Fig. 6, but showing a second 
embodiment of this invention. 
Fig. 11 is similar to Fig. 7, but showing the second 
embodiment of this invention. 

Fig. 1 2 is similar to Fig. 4, but showing the second *s 
embodiment of this invention. 
Fig. 1 3 is similar to Fig. 9, but showing the second 
embodiment of this invention. 
Fig. 14 is similar to Fig. 4, but showing a third em- 
bodiment of this invention. so 
Fig. 15 is a diagram describing a map of required 
motor power stored by the target value setting con- 
troller according to the third embodiment. 
Fig. 16 is a diagram describing a map specifying a 
relation between a target engine rotation speed and ss 
target engine torque stored by the target value set- 
ting controller according to the third embodiment. 
Fig. 17 is similar to Fig. 9, but showing the third em- 



[0014] Referring to Figs. 1 -9 of the drawings, the out- 
put shaft of an engine 1 and the rotation shaft of a motor/ 
generator 2 are connected in series to an input shaft of 
a continuously variable transmission (CVT) 3 via an 
electromagnetic powder clutch 10 shown in Fig. 3, and 
the final output shaft of the continuously variable trans- 
mission 3 is connected to front wheels 4FL, 4FR. 
[0015] The engine 1 varies its output according to the 
output signal of an engine controller 5. The motor /gen- 
erator 2 varies its output according to an output signal 
of a motor/generator controller 6. 
[0016] The continuously variable transmission 3 var- 
ies its speed ratio according to an output signal of a 
transmission controller 7. Herein, a speed ratio is de- 
fined as input shaft rotation speed/output shaft rotation 
speed of the continuously variable transmission 3. 
[0017] In order to give control target values to each of 
these controllers, respectively, the drive force control 
device of this invention is provided with a target value 
setting controller 8. 

[0018] The target value setting controller 8 outputs a 
target engine torque fj^to the engine controller 5, out- 
puts a target motor/generator torque tj^ to the motor/ 
generator controller 6, and output9 a target speed ratio 
t Ri/0 to the transmission controller 7. The controllers 5 
and 6 and 7 control each device according to the corre- 
sponding input target value. 

[0019] Next, referring to Fig. 2, the engine 1 is a multi- 
cylinder water-cooled gasoline engine. The engine 1 is 
provided with an intake pipe 1 21 which aspirates air, ex- 
haust pipe 1 22 which discharges exhaust gas, electron- 
ic throttle 120 provided in the intake pipe 1 21 , fuel injec- 
tor 112 which injects a fuel into the intake air, fuel feed 
pump 113 which supplies fuel to the fuel injector 112, 
spark plug 114 which ignites an air-fuel mixture, and a 
distributor 123 which supplies a firing current to the 
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spark plug 114. The electronic throttle 120 varies a de- 
gree of its opening by a throttle actuator 111 which re- 
sponds to a signal from the engine controller 5. This de- 
gree of opening, i.e. the throttle opening, basically cor- 
responds to a depression amount of the accelerator s 
pedal 312 shown in Fig. 3, but the engine controller 5 
increases or decreases the throttle opening independ- 
ently of the depression amount of the accelerator pedal 
31 2 according to demand. 

[0020] Signals are input to the engine controller 5 from 10 
an airflow meter 101 which detects an intake air flowrate 
ASP of the intake pipe 121, throttle sensor 102 which 
detects a throttle opening NO of the electronic throttle 
102, oxygen sensor 103 which detects an oxygen con- 
centration VOL, water temperature sensor 104 which is 
detects a cooling water temperature TMPoi the engine 
1 , rotation sensor 124 which detects a rotation speed of 
the distributor 105, vehicle speed sensor 106 which de- 
tects a vehicle speed VSP, and a crank angle sensor 
125 which detects an engine rotation angle 0 and rota- 20 
tion speed NE of the engine 1 . A target engine torque is 
also input as a signal from the above-mentioned target 
value setting controller 8. 

[0021] The engine controller 5 calculates a fuel injec- 
tion amount based on the intake air flowrate ASP, cool- 2s 
ing water temperature TMP r engine rotation speed NE, 
and engine rotation angle 9. Moreover, an ignition timing 
of the spark plug 1 14 is calculated based on the engine 
load represented by the throttle opening TVO and the 
engine rotation speed NE. so 
[0022] An air-fuel ratio signal A^p'is output to the fuel 
injector 112. a corresponding pump control signal SFP 
is output to the fuel pump 113, and an ignition timing 
signal SDBR is output to the distributor 105 so that the 
calculated fuel injection amount and ignition are at- 35 
tained. Moreover, an intake air flowrate signal A ASP is 
output to the throttle actuator 111 so that the target en- 
gine torque>input from the target value setting controller 
8 is achieved. 

[0023] If a diesel engine is used instead of the gaso- *o 
line engine 1 , the torque may be controlled by controlling 
the fuel injection amount, for the reason that the. output 
torque of the diesel engine is proportional to the fuel in- 
jection amount. 

[0024] Next, referring to Fig. 3, the continuously var- *s 
iable transmission 3 is a V-belt continuously variable 
transmission wherein a belt 303 is wound on a drive put- 
ley 301 and a driven pulley 302. 
[0025] The drive pulley 301 is provided with a mova- 
ble wheel 301 A and fixed wheel 301 B. The driven pulley so 
302 is provided with a movable wheel 302 A and fixed 
wheel 302B. 

[0026] When the movable wheels 301 A and 302A are 
displaced in an axial direction, the contact radii of the 
belt 303 and pulleys 301 , 302 vary, and the speed ratio ss 
varies as a result These are supported by an oil pres- 
sure supplied via a solenoid valve 304. Line pressure is 
supplied to the solenoid valve 304 from an oil pump, not 



shown, via a line pressure control valve 305. The sole- 
noid valve 304 adjusts this line pressure, and supplies 
it to the movable wheels 301 A and 302 A. 
[0027] An input shaft 3A of continuously variable 
transmission 3 is connected to the drive pulley 301 . The 
other end of the input shaft 3A is connected to an output 
shaft 1 A of the engine 1 via the electromagnetic powder 
clutch 10. One of the roles of the electromagnetic pow- 
der clutch 10 is to intercept the engine 1 and the contin- 
uously variable transmission 3 to enable the stopping of 
the engine 1 when the torque of the engine 1 is not re- 
quired. The electromagnetic powder clutch 10 is con- 
nected to the transmission controller 7 via a slip ring 
10A, and its tightening force is varied according to an 
engaging force signal SCA from the transmission con- 
troller 7. At the same time, the present engaging force 
is output to the transmission controller 7 as an engaging 
force signal SCR. 

[0028] Signals to the transmission controller 7 are in- 
put from a selector tever position sensor 41 3 which de- 
tects a selection range INHBol a selector lever 311, an 
accelerator pedal depression amount sensor 401 which 
detects an operating amount APO of an accelerator 
pedal 31 2, a brake pedal depression amount sensor 402 
which detects a depression amount BSTof a brake ped- 
al 31 3, an input rotation speed sensor 31 4 which detects 
an input rotation speed Nf of the continuously variable 
transmission 3, and an output rotation speed sensor 31 5 
which detects an output rotation speed WO of the con- 
tinuously variable transmission 3 
[0029] The input rotation speed of the continuously 
variable transmission 3 is equivalent to the rotation 
speed of the drive pulley 301, and the output rotation 
speed of the continuously variable transmission 3 is 
equivalent to the rotation speed of the driven pulley 302. 
[0030] The transmission controller 7 calculates a real 
speed ratio R vo which is the ratio of the input shaft ro- 
tation speed NO and the power output rotation speed 
Nl from these input signals, and determines the fluid 
pressure supplied to the movable wheels 301 A, 302A 
so that the real speed ratio coincides with the target 
speed ratio t Rt/Q input from the target value setting con- 
troller 8. Corresponding signals SPf, SPO are output to 
a solenoid valve 304. Further, a line pressure signal SPL 
is output to the line pressure control valve 305, and the 
clutch engaging force signal SCA is output to the elec- 
tromagnetic powder clutch 10. 

[0031] It is also possible to use a torque converter in- 
stead of the electromagnetic powder clutch 1 0. The con- 
trol of the transmission controller 7 in this case will be 
described later. 

[0032] Moreover, the output rotation speed NO of the 
output rotation speed sensor 315 may also be used as 
the above-mentioned vehicle speed VSP by multiplying 
it by a predetermined coefficient. 
[0033] The motor/generator 2 is directly linked with 
the input shaft 3A ol the continuously variable transmis- 
sion 3. The motor/generator 2 has the function of a mo- 
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tor and a generator and is connected to a battery 11 via 
an inverter 201 . 

[0034] The input rotation speed Mis input to the motor 
/generator controller 6. A target motor/generator torque 
l mG is a,so in P ut from the target value setting controller 
8. 

[0035] The motor/generator controller 6 outputs a mo- 
tor /generator control signal SMG to the inverter 201 
based on these input signals. The inverter 201 varies 
the direction and magnitude of the current i MG supplied 
to the motor/generator 2 according to this control signal 
SMG. When the motor/generator 2 is used for regener- 
ation, the current i MG flows from the motor/generator 2 
to a battery 1 1 via the inverter 201 . 
[0036] The signals input to the engine controller 5, 
motor/generator controller 6 and transmission controller 
7, and the signals output by these controllers, are also 
input to the target value setting controller 8 as required. 
[0037] Next, referring to the flowchart of Fig. 9 and the 
block diagram of Fig. 4, the process of calculating the 
target speed ratio t RVO , target engine torque t TE and tar- 
get motor/generator torque t mG performed by the target 
value setting controller 8, will be described. 
[0038] First, the vehicle speed VSP is read in a step 
S1 , and the accelerator pedal depression amount APO 
is read in a step S2, respectively. 
[0039] In a step S3, a target drive torque t TO is calcu- 
lated by looking up a map shown in Fig. 5 based on the 
accelerator pedal depression amount >4POand vehicle 
speed VSR This corresponds to the process performed 
by a target drive torque setting unit 12 of Fig. 4. 
[0040] When the accelerator pedal depression 
amount APO is fixed, it is considered that the vehicle 
acceleration requested by the driver is also fixed. In this 
case : since the rotation speed of the wheels is smaller 
the lower the vehicle speed VSP, a large drive torque is 
required to obtain a fixed acceleration. 
[0041] When the accelerator pedal depression 
amount APO increases, the driver demands higher ac- 
celeration. In this case also a large drive torque is re- 
quired to meet the demand. The map of Fig. 5 expresses 
this relation graphically, and the target drive torque t TO 
for achieving the acceleration which the driver desires 
is calculated by using this map. The calculated target 
drive torque t TO is equivalent to the.output torque of the 
continuously variable transmission 3. 
[0042] In a step S4, the target engine rotation speed 
t NE is calculated by looking up a map shown in Fig. 6 
based on the target drive torque t TCh This corresponds 
to the process performed by a target engine rotation 
speed setting unit 13 of Fig. 4. 

[0043] The map of Fig. 6 shows a minimum fuel con- 
sumption line by taking the target engine speed engine 
speed t NE as abscissa, and the target drive torque t ro 
as ordinate. The minimum fuel consumption line is found 
from the equi-power lines in the diagram. The power is 
the product of drive torque and rotation speed, and is 
an amount of work per unit time. The line which joins the 



points of least fuel consumption on respective equi-pow- 
er lines is that of minimum fuel consumption. 
[0044] In a step S4, a target engine rotation speed t Ne 
which corresponds to a point on the minimum fuel con- 
5 sumption line corresponding to the target drive torque 
t TO is calculated. 

[0045] In a step S5, the real engine rotation speed NE 
and the real input rotation speed Nl of the continuously 
variable transmission 3 are read, and the ratio R^ which 
10 is the ratio of these two parameters is calculated. 
[0046] In a step S6, the target engine rotation speed 
t NE calculated in the step S4 is multiplied by the ratio 
Ri/ E \o calculate the target input rotation speed t Nf input 
to the continuously variable transmission 3. This corre- 
*s sponds to the process performed by a multiplier 801 of 
Fig. 4. 

[0047] In a step S7 ; the real power output rotation 
speed NO of the continuously variable transmission 3 is 
read. 

[0048] In a step S8 : the real power output rotation 
speed A/Oof the continuously variable transmission 3 is 
divided by the target input rotation speed t N! to calculate 
the target speed ratio t Rl/0 oi the continuously variable 
transmission 3. This corresponds to the process per- 
formed by a divider 802 of Fig. 4. 
[0049] Hence, if the target speed ratio t RUO and the 
target drive torque f ro thus calculated are achieved, the 
acceleration desired by the driver is attained, while fuel 
consumption is suppressed to the minimum. 
[0050] In a step S9, the real speed ratio R^ of the 
continuously variable transmission 3 which the trans- 
mission controller 7 calculated, is read. 
[0051] In a step S10, the target drive torque t TO cal- 
culated in the step S3 is divided by the real speed ratio 
Rvo and a target combined torque t v of the engine 1 
and motor/generator 2 is calculated. This corresponds 
to the process performed by a divider 803 of Fig. 4. This 
calculation is based on the fact that the torque ratio is 
equivalent to the inverse of the speed ratio. 
[0052] In a step S1 1 , a target motor/generator torque 
tmG is calculated by looking up a map shown in Fig. 7 
based on the target combined torque and the input 
rotation speed Nl of the continuously variable transmis- 
sion 3. This corresponds to the process performed by a 
target motor/generator torque setting unit 14 of Fig. 4. 
[0053] In general, the torque of the engine 1 is low in 
a low rotation speed region below a certain level, and it 
is difficult to obtain the required power with good fuel 
cost-performance in the low rotation speed region. 
[0d54] On the other hand, when the motor /generator 
is driven as a motor, the output is fixed (which is a char- 
acteristic of a motor), and a large torque cannot be ob- 
tained in the high rotation speed region. In other words, 
a small torque can be output efficiently. 
[0055] In the map of Fig. 7, taking the target combined 
torque f r/ as abscissa and the target motor/generator 
torque t TMQ as ordinate ; the target motor/generator 
torque t-p^ is made to increase linearly in the region 
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where the target combined torque t TI is small, and the 
target combined torque t Tf is provided entirely by the 
motor/generator 2. 

[0056] When the target combined torque t TI exceeds 
a predetermined value, the target motor/generator 
torque tj^ is set to 0, and the target combined torque 
tji larger than this predetermined value is set to be pro- 
vided entirely by the engine 1. 
[0057] However, as the rotation speed is a determi- 
nant factor in the torque characteristics of the engine 1 , 
when the input engine speed Nl is small, the point at 
which the target motor/generator torque t mG changes 
over to 0 should be displaced to the right of the figure, 
i.e. in the increase direction of the target combined 
torque t n Therefore, plural maps are prepared accord- 
ing to the input engine speed N1 . It should be noted that 
the reason why the input rotation speed Nl and not the 
engine rotation speed NE is used as a parameter is be- 
cause the torque ratio RTRQ is interposed between 
these two. 

[0058] Thus, when the target motor/generator torque 
tjMQ determined in this way is attained, the motor/gen- 
erator 2 can supply torque efficiently. 
[0059] In a step S12, the target motor/generator 
torque t mG is subtracted from the target combined 
torque f r/ . This corresponds to the process performed 
by a subtractor 804 of Fig. 4. 

[0060] In a step S1 3, the torque ratio RTRQ is set by 
looking up a map shown in Fig. 8A based on the above- 
mentioned ratio R VB As the electromagnetic clutch 10 
is interposed between the engine 1 and the continuously 
variable transmission 3, the rotation speed NE of the 
output shaft 1 A of the engine 1 is different from the ro- 
tation speed Nl of the input shaft 3A of the continuously 
variable transmission 3, and the torque ratio RTEO of 
the two also varies according to their speed ratio R[/ E . 
The torque ratio RTEQ calculated in the step S13 is a 
coefficienHor compensating this difference, and this 
corresponds to the process performed by a torque ratio 
setting unit 15 of Fig. 4. 

[0061] Finally, in a step S14, a target input torque 
h-MG is divided by the torque ratio RTRQ to calculate 
the target engine torque t^. This corresponds to the 
process performed by a divider 805 of Fig. 4. 
[0062] If the engine controller 5 achieves this target 
engine torque t TB and the motor/generator controller 6 
achieves the target motor/generator torque t mG , the 
target combined torque t Tl , i.e., the target drive torque 
fjp, can be generated with minimum fuel consumption, 
hence the dual objectives of good fuel cost-performance 
and good acceleration performance can be realized. 
[0063] According to this embodiment, the electromag- 
netic clutch 10 was interposed between the engine 1 
and the continuously variable transmission 3, however 
a torque converter may be used instead of the electro- 
magnetic clutch 10. In this case, the torque ratio RTRQ 
becomes larger the smaller the ratio % E and its maxi- 
mum value is 2. Therefore, a map shown in Fig. 8B is 



used instead of the map shown in Fig. 8A in the step 
SI 3 or the torque ratio setting unit 1 5. 
[0064] Next, a second embodiment of this invention 
will be described referring to Figs. 10-13. 
5 [0065] In this embodiment, when a charge amount 
SOC ol the battery 11 is large, the extent to which the 
target motor/generator torque f^gcan be increased is 
extended in conformance with the target combined 
torque f^. 

10 [0066] This is to prevent overcharging of the battery 
11 and economize fuel when the charge amount SOC 
is large, by intensive use of the motor /generator 2. On 
the other hand, when the charge amount SOC of the 
battery 11 is small, the motor generator 2 is driven as a 

is generator despite the increase of fuel consumption, and 
the battery 11 is charged. Therefore in this particular 
case, as shown in Fig. 11, the target generator torque 
t mG is set to a negative constant value regardless of 
the target combined torque t Th When the charge amount 

20 SOC is larger, the aforesaid increase limit is determined 
according to the value of SOC. 

[0067] For this reason, as shown in Fig. 3, a signal 
showing the charge amount SOC is input to the motor/ 
generator controller 6 from the battery 11. 
25 [0068] As shown by the flowchart of Fig. 13, a step 
S100 which reads the charge amount SOC is provided 
before the step S1 of the computing process of the target 
value setting controller 8. Furthermore, the details of the 
processing performed by the target engine rotation 
30 speed setting unit 13 and the target motor/generator 
torque setting unit 14 are different from those of the 
above-mentioned first embodiment. 
[0069] First, the target engine rotation speed setting 
unit 13 sets the target engine rotation speed t N£ using 
35 a map of Fig. 10 instead of the map of Fig. 6. The dif- 
ference between this map and the map of Fig. 6 is that 
the battery charge amount SOC is added to the param- 
eters for determining the target engine rotation speed 
t NE Compared to the map of Fig. 6, in the map of Fig. 
40 10, the value of the target drive torque f TO is set larger 
by an amount corresponding to the charge amount SOC 
for the same target engine rotation speed t NB In other 
words, a larger target engine speed t NE is given for the 
same target drive torque t TQ . 
45 [0070] The target motor/generator torque setting un it 
^calculatesthetargetmotor/generatortorquerT^e us- 
ing the map of Fig. 11 instead of the map of Fig. 7. The 
difference between this map and the map of Fig. 7 is 
that the charge amount SOC of the battery 11 is added 
so to the parameters for determining the target motor/gen- 
erator torque tjMQ- According to this map, the upper limit 
of the target motor/generator torque t mG is set larger 
for the same input rotation speed Nl, the larger the 
charge amount SOC. In the target value setting control- 
55 ler 8, plural maps are prepared for various input rotation 
speeds Nl and are applied selectively. 
[0071] Hence, as described hereabove, proper use of 
the motor generator 2 is achieved according to the 
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charge amount SOC of the battery 11, and an optimum 
drive force is obtained which reconciles the dual objec- 
tives of acceleration performance andf uel cost-perform- 
ance. 

[0072] Next, a third embodiment of this invention will 
be described referring to Figs. 14-17. 
[0073] In this embodiment, the flowchart shown in Fig. 
17 is applied instead of the flowchart of Fig. 9 of the 
aforesaid first embodiment for the computing process 
by the target value setting controller 8. This is equivalent 
to a modification of the block diagram from Fig. 4 to Fig. 
14. The structure of the hardware is the same as that of 
the above-mentioned second embodiment. 
[0074] I n this embodiment, after the target value set- 
ting controller 8 computes the target drive torque tjQ in 
a step S3, the vehicle speed VSP is multiplied by the 
target drive torque t TO in a step S200, and the target 
drive power f TO is computed. This step corresponds to 
the processing of a multiplier 811 of Fig. 14. 
[0075] Next, the battery charge amount SOC is read 
in a step S100. 

[0076] In a step S201, a map shown in Fig. 15 is 
looked up based on the battery charge amount SOC, 
and a target motor power tp^ G is calculated. In this map, 
in order to drive the motor/generator 2 as a motor when 
the battery charge amount SOC is large, the target mo- 
tor power t PMG is a positive value. 
[0077] When the battery charge amount is small, in 
order to drive the motor/generator 2 as a generator, the 
target motor power t PMG is a negative value. When the 
battery charge amount SOC is intermediate, the target 
motor power t PMG is 0. This processing corresponds to 
the process performed by a target motor power setting 
unit 22 of Fig. 14. 

[0078] In the following step S202, a charging efficien- 
cy 1/r| of the battery 11 from the motor/generator 2 via 
the inverter 201 is read. The charging efficiency 1/r| is 
the inverses of an output efficiency r\. This is a constant 
determined according to the specification of the device, 
and is prestored in the memory of the target value set- 
ting controllers. 

[0079] In the following step S203, the charging effi- 
ciency 1/t| is multiplied by the target motor power fa^ 
to convert it to an engine power equivalent amount, and 
the engine power equivalent amount is subtracted from 
the target drive power f TO calculated in the step S200 
to calculate a target engine power t PB This process cor- 
responds to the processing of an efficiency multiplier 23 
and a subtractor 812 of Fig. 14. 
[0080] In a step S204, the target engine torque r TjE and 
the target engine rotation speed fy^are calculated from 
the target engine power t PE by looking up a map shown 
in Fig. 16. 

[0081] This map is the same as that of the map of Fig. 
6 of the aforesaid first embodiment. 
[0082] Here, an equi-power line equivalent to the tar- 
get engine power t PE is selected : and the target engine 
torque t TE and target engine rotation speed t NE corre- 



sponding to the intersection of the selected equi-power 
line and minimum fuel consumption line are read. This 
process corresponds to the processing of a target en- 
gine torque/rotation speed setting unit 24 shown in Fig. 
5 14. 

[0083] In this map, a permitted minimum value of the 
target engine power t PB is set, and if the target engine 
power t PE is less than this permitted minimum value, 
both the target engine speed t NE and target engine 
io torque f rE are set to 0. This is because when the target 
engine power r P£ is low, the rotation speed of the engine 
1 is also low, and the engine 1 cannot supply a large 
power. In such a case, the vehicle is driven by the motor/ 
generator 2. 

is [0084] Subsequently, the target value setting control- 
ler 8 performs the same processing as that of the steps 
S5-S8 of the aforementioned first embodiment, and cal- 
culates the target speed ratio 
[0085] Also in the step S204, the input rotation speed 
Nl of the continuously variable transmission 3 is read, 
and the required engine power fp^/s divided by the input 
rotation speed Nl in the step S1 1 to determine the target 
motor/generator torque tj^. 

[0086] This process corresponds to a processing of 
the divider 815 shown in Fig. 14. 
[0087] In this embodiment, as in the aforementioned 
second embodiment, the motor/generator 2 is used ap- 
propriately according to the charge amount SOC of the 
battery 1 1 , and an optimum drive force which reconciles 
the dual objectives of acceleration and fuel cost-per- 
formance is obtained. 

[0088] Also in this embodiment, the torque correction 
by the divider 805 of the aforesaid first and second em- 
bodiments may be applied to the target engine torque 

[0089] Next, a fourth embodiment of this invention will 
be described referring to Figs. 18-20. 
[0090] In this embodiment, the aforesaid battery 
charging efficiency 1/tj is modified according to battery 
temperature. 

[0091] For this purpose, as shown in Fig. 3, the drive 
force controller of this embodiment is provided with a 
temperature sensor 202 which detects the temperature 
[0092] TMP BTT of the battery 1 1 , and inputs a corre- 
sponding signal into the motor/generator controller 6. 
The structure of the remaining hardware is the same as 
that of the above second and third embodiments. 
[0093] In this embodiment, a flowchart of Fig. 20 is 
used instead of the flowchart of Fig. 17 in the computing 
process of the target value setting controller 8. This is 
equivalent to a modification from Fig. 4 to Fig. 18 in the 
block diagrams. 

[0094] In this embodiment, a step S300 is performed 
instead of the step S202 of the aforesaid third embodi- 
ment. In the step S300, the battery temperature TMP BTT 
is read. In the following step S202, the battery charging 
efficiency 1/n. is determined from the battery tempera- 
ture TMP BTT by looking up a map shown in Fig. 19. This 
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process corresponds to the processing performed by a 
battery charging efficiency setting unit 26 of Fig. 18. 
[0095] Next, the target engine torque t TE and target 
engine rotation speed t NE are determined in the step 
S204. Here, unlike the case of the above-mentioned 
third embodiment, the direct target engine torque fa 
and target engine rotation speed t NE are calculated us- 
ing the target drive power tpo calculated by the multiplier 
811 shown in Fig. 18, and the battery charging efficiency 
1/tv The map used here is a map set so that the target 
engine power t TE oi the map of Fig. 16 is replaced by 
the target drive power tpQ, and the minimum value of 
the target drive power t PO becomes smaller the smaller 
the battery charging efficiency 1/q. 
[0096] Therefore wh en the battery charging efficiency 
1/r| is low, the usage rate of the engine 1 increases, and 
when the battery charging efficiency 1/n. is high, the us- 
age rate of the motor/generator 2 increases. 
[0097] By using this map, instead of subtracting the 
target motor power from the target drive power t po 
as in the third embodiment, the target engine torque t TE 
and target engine rotation speed t NE can be directly cal- 
culated from the target drive power tpQ and battery 
charging rate 1/n.. 

[0098] This embodiment is suitable for a vehicle which 
mainly uses the power of the engine 1 . 
[0099] After the step S204, the same processing is 
performed as that of the steps S5-S8 of the above-men- 
tioned first embodiment to calculate the target speed ra- 
tio t Rl/0 In a step S301 , the target engine rotation speed 
t NE is multiplied by the target engine torque f TC to cal- 
culate the target engine power t PB This process corre- 
sponds to processing performed by the multiplier 81 9 of 
Fig. 18. 

[0100] Further, in a step S302, the motor power 
is set. 

[01 01] This is determined by subtracting the target en- 
gine poweMpE from the target drive power t po deter- 
mined in the step S200. 

[0102] This process corresponds to the processing 
performed by a subtractor 820 of Fig. 18. 
[0103] Subsequently, the target motor/generator 
torque is computed by dividing the target motor 
power t PMG by the input rotation speed AW of the contin- 
uously variable transmission 3 as in the above-men- 
tioned third embodiment. 

[0104] According to this embodiment, since the bat- 
tery charging efficiency Mr\ of the battery is varied ac- 
cording to the battery temperature TMP BTT , the charg- 
ing efficiency 1/t| can be set even more precisely than 
in the third embodiment. 

[0105] The permitted minimum value of the target en- 
gine power t PE car\ also be set based on the cooling wa- 
ter temperature TMP of the engine 1 detected by the 
water temperature sensor 104. 

[0106] Fuel consumption increases the lower the 
cooling water temperature TMP, so the usage rate of the 
motor/generator 2 is increased by increasing the permit- 



ted minimum value of the target engine power f P5 the 
lower the cooling water temperature TMP 
[01 07] Moreover, the permitted minimum value of the 
target engine power t PE can be varied according to both 
5 the battery charging efficiency 1/n. and the cooling water 
temperature TMP 

[01 08] In this case, the decrease of cooling water tem- 
perature TMP and the decrease of battery charging ef- 
ficiency 1/r| have contradictory effects on the determi- 
ne nation of the permitted minimum value of target engine 
power t PB Hence in this case, the permitted minimum 
value is determined as the best compromise value in 
view of the fuel consumption. 
[01 09] The torque correction of the above first and the 
is second embodiment by the divider 805 may also be ap- 
plied to the target engine torque t m 
[0110] Next, a fifth embodiment of this invention will 
be described with reference to Figs. 21 -24. 
[0111] In this embodiment, in addition to the arrange- 
20 ment of the fourth embodiment, an upper limit is applied 
to the target motor power according to the battery 
charging efficiency 1h\ t an upper limit is also applied to 
the target engine power t PB and the setting of a target 
value which cannot actually be supplied is thereby pre- 
25 vented. 

[011 2] For this purpose, the target value setting con- 
troller 8 performs a process shown in Fig. 24 instead of 
the process shown in Fig. 20 of the fourth embodiment. 
The process of Fig. 24 is equivalent to inserting steps 
30 S100, S201 and S400 between the steps S200 and 
S300, and inserting a step S401 between the steps 
S203 and S204, of Fig. 20. 

[0113] Describing this difference in further detail, after 
setting the target drive power t PO in the step S200 as in 
3S the fourth embodiment, the battery charge amount SOC 
is read in the step S100. 

[0114] In the lollowing step S201, the target motor 
power tfMQ is calculated as in the third embodiment by 
a required motor power setting device 22 shown in Fig. 
40 21. 

[0115] In the step S400, the target motor power t PMG 
is limited by looking up a map shown in Fig. 22 based 
on the battery charge amount SOC The value obtained 
after applying the limit is referred to as a processing val- 

[0116] In Fig. 22, considering the region where the tar- 
get motor power t PMG is very small as a dead zone, the 
processing value t^Qu^j- ' s set to 0 When the target 
motor power t PMG increases from this dead zone, the 

so corresponding processing value t PMGLMT also increas- 
es. In the region where the target motor power t PMG is 
very large, the processing value t PMGLMT '\s determined 
by the mechanical operating limit of the motor/generator 
2. Since this operating limit varies with the battery 

55 charge amount SOC, the upper limit of target motor 
power t PMG is set lower, the lower the battery charge 
amount SOC. 

[0117] In this way, when the battery charge amount 
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SOC is small, as the output of the motor/generator 2 is 
also small, the setting of a target value exceeding the 
output which can be supplied by the motor/generator 2 
is prevented by setting the upper limit of the target motor 
power t PMG low. The above process corresponds to the 
processing performed by a target motor power limiting 
unit 31 of Fig. 21. 

[0118] In the following steps S300 and S202, the 
charging efficiency 1/n. is determined as in the fourth 
embodiment based on the battery temperature TMP BTT . 
[0119] Inthe calculation of the target engine power 
performed in the step S203, he. the subtraction per- 
formed by a subtracter 812 of Fig. 21 the target engine 
power f^is determined by subtracting the engine power 
equivalent amount, obtained by multiplying the charging 
efficiency 1 h\ by the processing value t PMGLMT , from the 
target drive power i PO 

[0120] In a step S401, also as regards the target en- 
gine power t^, a processing value Trajan- of the target 
engine power is calculated by looking up a map shown 
in Fig. 23. This process corresponds to the processing 
performed by a target engine power limiting unit 33 of 
Fig. 21. 

[0121] InFig. 23, considering the region where the tar- 
get motor power t TE is very small as a dead zone, the 
processing value tjeLMT^ ^ to 0- When the target mo- 
ton power t TE increases from this dead zone, the corre- 
sponding processing value t TELMT a\so increases. When 
the target motor power t TE exceeds a certain limit, the 
processing value t TELMT reaches a maximum value t PE _ 
MAX and does not increase beyond this. This upper limit 
is equivalent to the operating limit of the engine 1 . 
[0122] Thus, the target engine torque fa and target 
engine rotation speed t NE are determined in a step S204 
using the obtained processing value frajur his process 
is performed by a target engine torque/rotation speed 
setting unit 24 which is the same as that shown in Fig. 
1 4 of the third embodiment. 

[0123] The remainder of the process is the same as 
that of the fourth embodiment. According to this embod- 
iment, as the target values of motor power and engine 
power are always within a practical range, the drive 
force can be controlled to higher precision than in the 
fourth embodiment. 

[0124] This invention is applicable also to the drive 
force control of a vehicle using a motor which does not 
perform the regeneration operation of the motor/gener- 
ator 2. 

[0125] The contents of Tokugan Hei 10-72409 with a 
filing date of March 20, 1 998 in Japan, and Tokugan Hei 
1 1 -63834 with a filing date of march 1 5, 1 999 in Japan, 
are hereby incorporated by reference. 
[0126] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above wi II occur to those skilled 
in the art, in light of the above teachings. For example, 



the controllers may be combinations of electronic cir- 
cuits such as computing circuits instead of microcom- 
puters. 

[0127] The embodiments of this invention in which an 
5 exclusive property or privilege is claimed are defined as 
follows: 

Claims 

w 

1. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
'5 to a supply current from a battery (11), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 



20 a sensor (401) for detecting a depression 

amount of said accelerator pedal (31 2), 
a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 

2S sion (3), 

a sensor (31 5) for detecting an output rotation 
speed of said continuously variable transmis- 
sion (3), 

an engine controller (5) for varying said output 
30 torque of said engine ( 1 ) based on a target en- 

gine torque, 

a motor controller (6) for varying said output 
torque of said motor (2) based on a target motor 
torque, 

35 a speed ratio controller (7) for varying said 

speed ratio of said continuously variable trans- 
mission (3) based on a target speed ratio, and 
a microprocessor (8) programmed to: 

40 set a target drive torque of said vehicle 

based on said depression amount of said 
accelerator pedal (312) and said vehicle 
speed (S3, 12), 

set a target engine rotation speed based 
45 on said target drive torque (S4, 1 3), 

set sab target speed ratio based on said 
target engine rotation speed and said ve- 
hicle speed (S8 : 801 , 802), 
calculate a real speed ratio of said contin- 
so uously variable transmission (3) from the 

input rotation speed and output rotation 
speed of said continuously variable trans- 
mission (3) (S9), 

set a target combined torque of said engine 
55 (1 ) and said motor (2) based on said target 

drive torque and said real speed ratio (S1 0, 
803), 

set said target motor torque based on said 
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target combined torque and said input ro- 
tation speed (Sn, 14), and 
set said target engine torque based on the 
difference of said target combined torque 
and said target motor torque (S14, 804, s 
805). 

2. A drive force control device as defined in Claim 1 , 
wherein said motor comprises a motor/generator 

(2) which operates as a generator according to the J0 
input of a rotation torque from said continuously var- 
iable transmission (3). 

3. A drive force control device as defined in Claim 1, 
wherein said microprocessor (8) is further pro- 
grammed to set said target drive torque to be larger 
the larger a depression amount of said accelerator 
pedal (312), and to set said target drive torque to 
be smaller the smaller said vehicle speed. 

20 

4. A drive force control device as defined in Claim 1 , 
wherein said microprocessor (8) is further pro- 
grammed to set said target engine torque equal to 
a value obtained by dividing a difference of said tar- 
get combined torque and said target motor torque, 25 
by a torque ratio equal to the inverse of the ratio of 

the rotation speed of said engine (1 ) and the input 
rotation speed of said continuously variable trans- 
mission (3). 

30 

5. A drive force control device as defined in Claim 1 , 
wherein said microprocessor (8) is further pro- 
grammed to set said target combined torque equal 
to a value obtained by dividing said target drive 
torque by said real speed ratio 35 

6. A drive force control device as defined in Claim 1 , 
wherelrrsaid microprocessor (8) is further pro- 
grammed to set said target engine rotation speed 

to be larger the larger said target drive torque. 40 

7. A drive force control device as defined in Claim 1 , 
wherein said microprocessor (8) is further pro- 
grammed to set said target motor torque to be larger 
the larger said target combined torque. 

8. A drive force control device as defined in Claim 1 , 
wherein said microprocessor (8) is further pro- 
grammed to store a map which defines the relation 

of said target drive torque and said target engine $o 
rotation speed so as to be able to realize a prede- 
termined power with minimum fuel consumption, 
and is further programmed to determine said target 
engine rotation speed based on said target drive 
torque and said map. 55 

9. A drive force control device as defined in Claim 1 , 
wherein said device further comprises a sensor ( 11 ) 



for detecting a charge amount of said battery (11), 
and said microprocessor (8) is further programmed 
to limit a maximum value of said target motor torque 
to a smaller value, the smaller said battery charge 
amount. 

10. A drive force control device as defined in Claim 1 , 
wherein said device further comprises a sensor (11 ) 
for detecting the charge amount of said battery (11 ), 
and said microprocessor (8) is further programmed 
to set said target engine rotation speed to be lower 
for the same target drive torque, the larger said bat- 
tery charge amount. 

11. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
to a supply current from a battery (11 ), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 

a sensor (401) for detecting a depression 
amount of said accelerator pedal (312), 
a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 
sion (3), 

a sensor (11 ) for detecting a charge amount of 
said battery (11), 

an engine controller (5) for varying said output 
torque of said engine (1 ) based on a target en- 
gine torque, 

a motor controller (6) for varying said output 
torque of said motor (2) based on a target motor 
torque, 

a speed ratio controller (7) for varying said 
speed ratio of said continuously variable trans- 
mission (3) based on a target speed ratio, and 
a microprocessor (8) programmed to: 

set a target drive torque of said vehicle 
based on said depression amount of said 
accelerator pedal (31 £) and said vehicle 
speed (S3, 12), 

set a target drive power based on said tar- 
get drive torque and said vehicle speed 
(S200, 811), 

set a target motor power based on said bat- 
tery charge amount (S201 , 22), 
set a target engine power based on said 
target drive power and said target motor 
power (S203, 33, 812), 
set a target engine rotation speed and tar- 
get engine torque based on said target en- 
gine power (S204, 24), 
set said target speed ratio based on said 



19 



EP 0 943 475 A2 



20 



target engine rotation speed and said ve- 
hicle speed (S8, 801, 802) ? and 
set said target motor torque based on said 
target motor power and said input rotation 
speed (S1 1,815). 5 

12. A drive force control device as defined in Claim 11 , 
wherein said motor (2) comprises a motor/genera- 
tor (2) which functions as a generator according to 
the input of a rotation torque from said continuously io 
variable transmission (3), and said microprocessor 

(8) is further programmed to set said target motor 
power to zero when said battery charge amount is 
within a predetermined range, set said target motor 
power to a positive value when said battery charge is 
amount is larger than said predetermined range, 
and set said target motor power to a negative value 
when said battery charge amount is less than said 
predetermined range. 

20 

13. A drive force control device as defined in Claim 11 , 
wherein said microprocessor (8) is further pro- 
grammed to limit a maximum value of said target 
motor power to a smaller value, the smaller said bat- 
tery charge amount (S400, 31), and limit a maxi- 25 
mum value of said target engine power so as not to 
exceed a predetermined value (S401 , 33). 

14. A drive force control device as defined in Claim 11, 
wherein said device further comprises a sensor 30 
(202) for detecting a temperature of said battery, 
and said microprocessor (8) is further programmed 

to calculate a battery charging efficiency based on 
said battery temperature (S202, 26), and set said 
target engine power equal to a value obtained by 3S 
subtracting a value obtained by multiplying said 
charging efficiency by said target motor power from 
said target drive power (23, 812). 

15. A hybrid vehicle drive force control device for con- 40 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 

to a supply current from a battery (11 ), and a speed 
ratio of a continuously variable transmission (3) *s 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 

a sensor (401) for detecting a depression 
amount of said accelerator pedal (31 2), so 
a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 
sion (3), 

a sensor (202) for detecting a temperature of 55 
said battery (11), 

an engine controller (5) for varying said output 
torque of said engine (1) based on a target en- 



gine torque, 

a motor controller (6) for varying said output 
torque of said motor (2) based on a target motor 
torque, 

a speed ratio controller (7) for varying said 
speed ratio of said continuously variable trans- 
mission (3) based on a target speed ratio, and 
a microprocessor (8) programmed to: 

set a target drive torque of said vehicle 
based on said depression amount of said 
accelerator pedal (312) and said vehicle 
speed (S3, 12), 

set a target drive power based on said tar- 
get drive torque and said vehicle speed 
(S200, 811), 

calculate a charging efficiency of said bat- 
tery (1 1 ) based on said battery temperature 
(S202, 26) ; 

set a target engine torque and target en- 
gine rotation speed based on said target 
drive power and said charging efficiency 
(S204, 24, 27), 

set said target speed ratio based on said 
target engine rotation speed and said ve- 
hicle speed (S8 : 801 , 802), 
calculate a target engine power based on 
said target engine torque and said target 
engine rotation speed (S301, 819), 
calculate a target motor power by subtract- 
ing said target engine power from said tar- 
get drive power (S302, 820), and 
set said target motor torque based on said 
target motor power and said input rotation 
speed (S11, 815). 

16. A drive force control device as defined in Claim 1 5, 
wherein said microprocessor (8) is further pro- 
grammed to set said target engine torque to zero 
when said target drive power is less than a prede- 
termined value. 

17. A drive force control device as defined in Claim 16, 
wherein said microprocessor (8) is further pro- 
grammed to vary said predetermined value accord- 
ing to said charging efficiency * 

18. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 

. pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
to a supply current from a battery (11), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1) and said mo- 
tor (2), comprising: 

means (401 ) for detecting a depression amount 
of said accelerator pedal (312), 
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means (106) for detecting a vehicle speed, 
means (314) ior detecting an input rotation 
speed of said continuously variable transmis- 
sion (3), 

means (315) for detecting an output rotation s 
speed of said continuously variable transmis- 
sion (3), 

means (S3, 1 2), for setting a target drive torque 
of said vehicle based on said depression 
amount of said accelerator pedal (31 2) and said io 
vehicle speed 

means (S4, 13) for setting a target engine rota- 
tion speed based on said target drive torque, 
means (S8, 801 , 802) for setting a target speed 
ratio based on said target engine rotation speed *5 
and said vehicle speed, 
means (S9) for calculating a real speed ratio of 
said continuously variable transmission (3) 
from the input rotation speed and output rota- 
tion speed of said continuously variable trans- 20 
mission (3), 

means (S1 0, 803) for setting a target combined 
torque of said engine (1) and said motor (2) 
based on said target drive torque and said real 
speed ratio, 25 
means (S11, 14) for setting a target motor 
torque based on said target combined torque 
and said input rotation speed, 
means (S14, 804, 805) for setting a target en- 
gine torque based on the difference of said tar- 30 
get combined torque and said target motor 
torque, 

means (5) for varying an output torque of said 
engine (1) based on said target engine torque, 
means (6) for varying said output torque of said 35 
motor (2) based on said target motor torque, 
and 

means (7) for varying a speed ratio of said con- 
tinuously variable transmission (3) based on 
said target speed ratio. *o 

19. A hybrid vehicle drive force control method for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 45 
to a supply current from a battery (11 ), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1) and said mo- 
tor (2), comprising: 

so 

detecting a depression amount of said acceler- 
ator pedal (312), 
detecting a vehicle speed, 
detecting an input rotation speed of said con- 
tinuously variable transmission (3), 55 
detecting an output rotation speed of said con- 
tinuously variable transmission (3), 
setting a target drive torque of said vehicle 



based on said depression amount of said ac- 
celerator pedal (312) and said vehicle speed, 
setting a target engine rotation speed based on 
said target drive torque, 
setting a target speed ratio based on said target 
engine rotation speed and said vehicle speed, 
calculating a real speed ratio of said continu- 
ously variable transmission (3) from the input 
rotation speed and output rotation speed of said 
continuously variable transmission (3), 
setting a target combined torque of said engine 
(1 ) and said motor (2) based on said target drive 
torque and said real speed ratio, 
setting a target motor torque based on said tar- 
get combined torque and said input rotation 
speed, 

setting a target engine torque based on the dif- 
ference of said target combined torque and said 
target motor torque, 

varying an output torque of said engine (1 ) 
based on said target engine torque, 
varying said output torque of said motor (2) 
based on sad target motor torque, and 
varying a speed ratio of said continuously var- 
iable transmission (3) based on said target 
speed ratio. 
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(57) In a hybrid vehicle wherein the rotation torque 
of a motor and engine are input to a continuously vari- 
able transmission, a target speed ratio is determined 
from a target engine rotation speed set based on a target 
drive torque of said vehicle and a vehicle speed. A target 
combined torque of the motor and engine is set based 
on the target drive torque and a real speed ratio of the 
transmission. A target motor torque is determined based 



on the target combined torque and the input rotation 
speed of the continuously variable transmission. A value 
obtained by subtracting the target motor torque from the 
target combined torque is set equal to a target engine 
torque. The drive force of the hybrid vehicle is optimized 
by controlling the engine, motor and continuously vari- 
able transmission by the target engine torque, target 
motor torque and target speed ratio thus obtained. 
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combined torque of the motor and engine is set based 
on the target drive torque and a real speed ratio of the 
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on the target combined torque and the input rotation 
speedbf the continuously variable transmission. Avalue 
obtained by subtracting the target motor torque from the 
target combined torque is set equal to a target engine 
torque. The drive force of the hybrid vehicle is optimized 
by controlling the engine, motor and continuously vari- 
able transmission by the target engine torque, target 
motor torque and target speed ratio thus obtained. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a drive torque control s 
of a so-called parallel hybrid vehicle which transmits the 
power ot an engine and a motor/generator to drive 
wheels via a continuously variable transmission. 

BACKGROUND OF THE INVENTION w 

[0002] Tokkai Hei 8-251708 published by the Japa- 
nese Patent Office in 1996 discloses a parallel hybrid 
drive system for a vehicle wherein an engine and motor/ 
generator are connected to drive wheels via a V-belt is 
continuously variable transmission. 
[0003] A motor/generator is a device equipped with 
the functions of both a motor and a generator so that a 
rotor is rotated according to the energizing of the coil of 
a stator, and the coil of the stator generates a current 20 
according to the rotation input to the rotor. 
[0004] Tokkai Sho 62-110536 published by the Japa- 
nese Patent Office in 1987 discloses a drive force con- 
troller for a vehicle equipped with an electronic throttle 
and a continuously variable transmission. A target vehi- 25 
cle drive torque is calculated based on the depression 
amount of an accelerator pedal and the vehicle speed, 
and a target rotation speed of the input shaft of the con- 
tinuously variable transmission is calculated from the 
target vehicle drive torque and vehicle speed, and a tar- 30 
get speed ratio of the continuously variable transmission 
is set to achieve the target rotation speed. Also, a target 
engine torque is calculated from the target speed ratio 
and target vehicle drive torque. The speed ratio of the 
continuously variable transmission is controlled to the 35 
target speed ratio, and the degree of opening of the elec- 
tronic throttle is controlled to obtain the target engine 
torque. The4orque required by a driver is thereby ob- 
tained. 

40 

SUMMARY OF THE INVENTION 

[0005] In the above-mentioned hybrid drive system, 
the proportion of the output torque of the engine and 
motor/generator varies depending on the running state. 
For this reason, the above-mentioned drive force con- 
troller is not applicable to the hybrid drive system. 
[0006] It is therefore an object of this invention to cor- 
rectly control the drive force of a parallel hybrid vehicle 
which transmits the drive torque of the engine and mo- so 
tor/generator to the drive wheels via the continuously 
variable transmission. 

[0007] In order to achieve the above object, this in- 
vention provides a control device for controlling drive 
force of a hybrid vehicle. The device controls, according 55 
to a depression of an accelerator pedal, an output torque 
of an engine, an output torque of a motor which varies 
according to a supply current from a battery, and a 



speed ratio of a continuously variable transmission 
which is connected to the engine and the motor. 
[0008] The device comprises a sensor for detecting a 
depression amount of the accelerator pedal, a sensor 
for detecting a vehicle speed, a sensor for detecting an 
input rotation speed of the continuously variable trans- 
mission, a sensor for detecting an output rotation speed 
of the continuously variable transmission, an engine 
controller for varying the output torque of the engine 
based on a target engine toque, a motor controller for 
varying the output torque of the motor based on a target 
motor torque, a speed ratio controller for varying the 
speed ratio of the continuously variable transmission 
based on a target speed ratio, and a microprocessor. 
[0009] The microprocessor is programmed to set a 
target drive torque of the vehicle based on the depres- 
sion amount of the accelerator pedal and the vehicle 
speed, set a target engine rotation speed based on the 
target drive torque, set the target speed ratio based on 
the target engine rotation speed and the vehicle speed, 
calculate a real speed ratio of the continuously variable 
transmission from the input rotation speed and output 
rotation speed of the continuously variable transmis- 
sion, set a target combined torque of the engine and the 
motor based on the target drive torque and the real 
speed ratio, set the target motor torque based on the 
target combined torque and the inj^ut rotation speed, 
and set the target engine torque based on the difference 
of the target combined torque and the target motor 
torque. 

[0010] This invention also provides a control method 
for controlling drive force of a hybrid vehicle wherein an 
output torque of an engine, an output torque of a motor 
which varies according to a supply current from a bat- 
tery, and a speed ratio of a continuously variable trans- 
mission which is connected to the engine and the motor 
are controlled according to a depression of an acceler- 
ator pedal. 

[0011] The method comprises detecting a depression 
amount ot the accelerator pedal, detecting a vehicle 
speed, detecting an input rotation speed of the continu- 
ously variable transmission, detecting an output rotation 
speed of the continuously variable transmission, setting 
a target drive torque of the vehicle based on the depres- 
sion amount of the accelerator pedal and the vehicle 
speed, setting a target engine rotation speed based on 
the target drive torque, setting a target speed ratio 
based on the target engine rotation speed and the ve- 
hicle speed, calculating a real speed ratio of the contin- 
uously variable transmission from the input rotation 
speed and output rotation speed of the continuously var- 
iable transmission, setting a target combined torque of 
the engine and the motor based on the target drive 
torque and the real speed ratio, setting a target motor 
torque based on the target combined torque and the in- 
put rotation speed, setting a target engine torque based 
on the difference of the target combined torque and the 
target motor torque, varying an output torque of the en- 
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bodiment of this invention. 

Fig. 18 is similar to Fig. 4 ; but showing a fourth em- 
bodiment of this invention. 
Fig. 19 is a diagram describing a map of a battery 

5 charging efficiency stored by the target value set- 
ting controller according to the fourth embodiment. 
Fig. 20 is similar to Fig. 9, but showing the fourth 
embodiment of this invention. 
Fig. 21 is similar to Fig. 4, but showing a fifth em- 

io bodiment of this invention. 

Fig. 22 is a diagram describing a map of target mo- 
tor power stored by the target value setting control - 
ler according to the fifth embodiment. 
Fig. 23 is a diagram describing a map of a target 
engine power stored by the target value setting con- 
troller according to the fifth embodiment. 
Fig. 24 is similar to Fig. 9, but showing the fifth em- 
bodiment of this invention. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



gine based on the target engine torque, varying the out- 
put torque of the motor based on sad target motor 
torque, and varying a speed ratio of the continuously 
variable transmission based on the target speed ratio. 
[0012] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a schematic diagram of a drive force control 

device according to this invention. 

Fig. 2 is a schematic diagram of an engine controller 

according to this invention. 

Fig. 3 is a schematic diagram of a motor/generator 

controller and a speed change controller according 

to this invention. 

Fig. 4 is a block diagram which describes the data 
processing of a target speed ratio, target engine 
torque and target generator torque performed by a 
target value setting controller according to this in- 
vention. 

Fig. 5 is a diagram showing a map of a target drive 
torque stored by the target value setting controller. 
Fig. 6 is a diagram showing a map of a target engine 
rotation speed stored by the target value setting 
controller. 

Fig. 7 is a diagram showing a map of a target motor/ 
generator torque stored by the target value setting 
controller. 

Figs. 8A and 8B are diagrams showing a map of a 
torque ratio stored by the target value setting con- 
troller. 

Fig. 9 is a flowchart describing a process of com- 
putino^the target speed ratio, target engine torque 
and target generator torque performed by the target 
value setting controller. 

Fig. 10 is similar to Fig. 6, but showing a second 
embodiment of this invention. 
Fig. 11 is similar to Fig. 7, but showing the second 
embodiment of this invention. 
Fig. 1 2 is similar to Fig. 4, but showing the second 
embodiment of this invention. 
Fig. 13 is similar to Fig. 9, but showing the second 
embodiment of this invention. 
Fig. 14 is similar to Fig. 4, but showing a third em- 
bodiment of this invention. 

Fig. 15 is a diagram describing a map of required 
motor power stored by the target value setting con- 
troller according to the third embodiment. 
Fig. 16 is a diagram describing a map specifying a 
relation between a target engine rotation speed and 
target engine torque stored by the target value set- 
ting controller according to the third embodiment. 
Fig. 1 7 is similar to Fig. 9, but showing the third em- 



[0014] Referring to Figs. 1 -9 of the drawings, the out- 
put shaft of an engine 1 and the rotation shaft of a motor/ 

25 generator 2 are connected in series to an input shaft of 
a continuously variable transmission (CVT) 3 via an 
electromagnetic powder clutch 10 shown in Fig. 3, and 
the final output shaft of the continuously variable trans- 
mission 3 is connected to front wheels 4FL, 4FR. 

30 [0015] The engine 1 varies its output according to the 
output signal of an engine controller 5. The motor /gen- 
erator 2 varies its output according to an output signal 
of a motor/generator controller 6. 
[0016] The continuously variable transmission 3 var- 

35 ies its speed ratio according to an output signal of a 
transmission controller 7. Herein, a speed ratio is de- 
fined as input shaft rotation speed/output shaft rotation 
speed of the continuously variable transmission 3. 
[001 7] In order to give control target values to each of 

40 these controllers, respectively, the drive force control 
device of this invention is provided with a target value 
setting controller 8. 

[0018] The target value setting controller 8 outputs a 
target engine torque f 7E to the engine controller 5, out- 

^5 puts a target motor/generator torque tj^Q to the motor/ 
generator controller 6, and outputs* a target speed ratio 
t R i/o to the transmission controller 7. The controllers 5 
and 6 and 7 control each device according to the corre- 
sponding input target value. 

50 [0019] Next, referring to Fig. 2, the engine 1 is a multi- 
cylinder water-cooled gasoline engine. The engine 1 is 
provided with an intake pipe 1 21 which aspirates air, ex- 
haust pipe 122 which discharges exhaust gas, electron- 
ic throttle 1 20 provided in the intake pipe 1 21 , fuel injec- 

55 tor 11 2 which injects a fuel into the intake air, fuel feed 
pump 113 which supplies fuel to the fuel injector 112, 
spark plug 114 which ignites an air-fuel mixture, and a 
distributor 123 which supplies a firing current to the 
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spark plug 114. The electronic throttle 120 varies a de- 
gree of its opening by a throttle actuator ill which re- 
sponds to a signal from the engine controller 5. This de- 
gree of opening, i.e. the throttle opening, basically cor- 
responds to a depression amount of the accelerator s 
pedal 312 shown in Fig. 3, but the engine controller 5 
increases or decreases the throttle opening independ- 
ently of the depression amount of the accelerator pedal 
31 2 accordin g to demand. 

[0020] Signals are input tothe engine controller 5 from 
an air flow meter 101 which detects an intake air flowrate 
ASP of the intake pipe 121, throttle sensor 102 which 
detects a throttle opening NO of the electronic throttle 
102, oxygen sensor 103 which detects an oxygen con- 
centration VOL, water temperature sensor 104 which 
detects a cooling water temperature 7/WPof the engine 
1 , rotation sensor 124 which detects a rotation speed of 
the distributor 105, vehicle speed sensor 106 which de- 
tects a vehicle speed VSP, and a crank angle sensor 
1 25 which detects an engine rotation angle 6 and rota- 
tion speed NE of the engine 1 . A target engine torque is 
also input as a signal from the above-mentioned target 
value setting controller 8. 

[0021 ] The engine controller 5 calculates a fuel injec- 
tion amount based on the intake air flowrate ASP, cool- 
ing water temperature TMP, engine rotation speed NE, 
and engine rotation angle G. Moreover, an ignition timing 
of the spark plug 1 14 is calculated based on the engine 
load represented by the throttle opening TVO and the 
engine rotation speed NE. 

[0022] An air-fuel ratio signal 4^ is output to the fuel 
injector 112, a corresponding pump control signal SFP 
is output to the fuel pump 113, and an ignition timing 
signal SDBR is output to the distributor 105 so that the 
calculated fuel injection amount and ignition are at- 
tained. Moreover, an intake air flowrate signal A ASP is 
output to the throttle actuator 111 so that the target en- 
gine torquSinput from the target value setting controller 
8 is achieved. 

[0023] If a diesel engine is used instead of the gaso- 
line engine 1 , the torque may be controlled by controlling 
the fuel injection amount, for the reason that the output 
torque of the diesel engine is proportional tothe fuel in- 
jection amount. 

[0024] Next, referring to Fig. 3, the continuously var- 
iable transmission 3 is a V-belt continuously variable 
transmission wherein a belt 303 is wound on a drive pul- 
ley 301 and a driven pulley 302. 
[0025] The drive pulley 301 is provided with a mova- 
ble wheel 301 A and fixed wheel 301 B. The driven pulley 
302 is provided with a movable wheel 302A and fixed 
wheel 302B. 

[0026] When the movable wheels 301 A and 302 A are 
displaced in an axial direction, the contact radii of the 
belt 303 and pulleys 301 , 302 vary, and the speed ratio 
varies as a result. These are supported by an oil pres- 
sure supplied via a solenoid valve 304. Line pressure is 
supplied tothe solenoid valve 304 from an oil pump, not 



shown, via a line pressure control valve 305. The sole- 
noid valve 304 adjusis ihis iine pressure, and supplies 
it to the movable wheels 301 A and 302A. 
[0027] An input shaft 3A of continuously variable 
transmission 3 is connected to the drive pulley 301 . The 
other end of the input shaft 3A is connected to an output 
shaft 1 A of the engine 1 via the electromagnetic powder 
clutch 10. One of the roles of the electromagnetic pow- 
der clutch 10 is to intercept the engine 1 and the contin- 
uously variable transmission 3 to enable the stopping of 
the engine 1 when the torque of the engine 1 is not re- 
quired. The electromagnetic powder clutch 10 is con- 
nected to the transmission controller 7 via a slip ring 
10A. and its tightening force is varied according to an 
engaging force signal SCA from the transmission con- 
troller 7. At the same time, the present engaging force 
is output to the transmission controller 7 as an engaging 
force signal SCR. 

[0028] Signals to the transmission controller 7 are in- 
put from a selector lever position sensor 41 3 which de- 
tects a selection range INHBot a selector lever 311, an 
accelerator pedal depression amount sensor 401 which 
detects an operating amount APO of an accelerator 
pedal 31 2, a brake pedal depression amount sensor 402 
which detects a depression amount BSTol a brake ped- 
al 31 3, an input rotation speed sensor 31 4 which detects 
an input rotation speed Nl of the continuously variable 
transmission 3, and an output rotation speed sensor 31 5 
which detects an output rotation speed A/Oof the con- 
tinuously variable transmission 3 
[0029] The input rotation speed of the continuously 
variable transmission 3 is equivalent to the rotation 
speed of the drive pulley 301 , and the output rotation 
speed of the continuously variable transmission 3 is 
equivalent to the rotation speed of the driven pulley 302. 
[0030] The transmission controller 7 calculates a real 
speed ratio P m which is the ratio of the input shaft ro- 
tation speed NO and the power output rotation speed 
Nl from these Input signals, and determines the fluid 
pressure supplied to the movable wheels 301 A, 302A 
so that the real speed ratio coincides with the target 
speed ratio t Rl/Q input from the target value setting con- 
troller 8. Corresponding signals SPI, SPO ate output to 
a solenoid valve 304. Further, a line pressure signal SPL 
is output to the line pressure control valve 305, and the 
clutch engaging force signal SCA is output to the elec- 
tromagnetic powder clutch 10. 

[0031] It is also possible to use a torque converter in- 
stead of the electromagnetic powder clutch 1 0. The con- 
trol of the transmission controller 7 in this case will be 
described later. 

[0032] Moreover, the output rotation speed NO of the 
output rotation speed sensor 315 may also be used as 
the above-mentioned vehicle speed VSP by multiplying 
it by a predetermined coefficient. 
[0033] The motor/generator 2 is directly linked with 
the input shaft 3A of the continuously variable transmis- 
sion 3. The motor/generator 2 has the function of a mo- 
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tor and a generator and is connected to a battery 11 via 
an inverter 201. 

[0034] The input rotation speed M is input to the motor 
/generator controller 6. A target motor/generator torque 
t mG is also input from the target value setting controller 
8. 

[0035] The motor/generator controller 6 outputs a mo- 
tor/generator control signal SMG to the inverter 201 
based on these input signals. The inverter 201 varies 
the direction and magnitude of the current i MG supplied 
to the motor/generator 2 according to this control signal 
SMG. When the motor/generator 2 is used for regener- 
ation, the current i MG flows from the motor/generator 2 
to a battery 1 1 via the inverter 201 . 
[0036] The signals input to the engine controller 5, 
motor/generator controller 6 and transmission controller 
7, and the signals output by these controllers, are also 
input to the target value setting controller 8 as required. 
[0037] Next, referring to the flowchart of Fig. 9 and the 
block diagram of Fig. 4, the process of calculating the 
target speed ratio t Ryo , target engine torque f^and tar- 
get motor/generator torque t mG performed by the target 
value setting controller 8, will be described. 
[0038] First, the vehicle speed VSP is read in a step 
S1 , and the accelerator pedal depression amount APO 
is read in a step S2, respectively. 
[0039] In a step S3, a target drive torque t TO is calcu- 
lated by looking up a map shown in Fig. 5 based on the 
accelerator pedal depression amount >4POand vehicle 
speed VSR This corresponds to the process performed 
by a target drive torque setting unit 12 of Fig. 4. 
[0040] When the accelerator pedal depression 
amount APO is fixed, it is considered that the vehicle 
acceleration requested by the driver is also fixed. In this 
case : since the rotation speed of the wheels is smaller 
the lower the vehicle speed VSP, a large drive torque is 
required to obtain a fixed acceleration. 
[0041] Vifhen the accelerator pedal depression 
amount APO increases, the driver demands higher ac- 
celeration. In this case also a large drive torque is re- 
quired to meet the demand. The map of Fig. 5 expresses 
this relation graphically, and the target drive torque t T0 
for achieving the acceleration which the driver desires 
is calculated by using this map. The calculated target 
drive torque t TO is equivalent to the output torque ot the 
continuously variable transmission 3. 
[0042] In a step S4, the target engine rotation speed 
t N £ is calculated by looking up a map shown in Fig. 6 
based on the target drive torque f ra This corresponds 
to the process performed by a target engine rotation 
speed setting unit 13 of Fig. 4. 
[0043] The map ot Fig. 6 shows a minimum fuel con- 
sumption line by taking the target engine speed engine 
speed t NE as abscissa, and the target drive torque t T0 
as ordinate. The minimum fuel consumption line is found 
from the equi-power lines in the diagram. The power is 
the product of drive torque and rotation speed, and is 
an amount of work per unit time. The line which joins the 



points of least fuel consumption on respective equi-pow- 
er lines is that of minimum fuel consumption. 
[0044] In a step S4, a target engine rotation speed t NE 
which corresponds to a point on the minimum fuel con- 
$ sumption line corresponding to the target drive torque 
t TO is calculated. 

[0045] In a step S5, the real engine rotation speed NE 
and the real input rotation speed Nl of the continuously 
variable transmission 3 are read, and the ratio R^ which 
is the ratio of these two parameters is calculated. 
[0046] In a step S6, the target engine rotation speed 
recalculated in the step S4 is multiplied by the ratio 
ft^to calculate the target input rotation speed t Nl input 
to the continuously variable transmission 3. This corre- 
sponds to the process performed by a multiplier 801 of 
Fig. 4. 

[0047] In a step S7 : the real power output rotation 
speed NOol the continuously variable transmission 3 is 
read. 

[0048] In a step S8 : the real power output rotation 
speed A/Oof the continuously variable transmission 3 is 
divided by the target input rotation speed i NI Xo calculate 
the target speed ratio t mo of the continuously variable 
transmission 3. This corresponds to the process per- 
formed by a divider 802 of Fig. 4. 
[0049] Hence, if the target speed ratio t RUO and the 
target drive torque / ro 1hus calculated are achieved, the 
acceleration desired by the driver is attained, while fuel 
consumption is suppressed to the minimum. 
[0050] In a step S9, the real speed ratio R^ of the 
continuously variable transmission 3 which the trans- 
mission controller 7 calculated, is read. 
[0051] In a step S10, the target drive torque t ro cal- 
culated in the step S3 is divided by the real speed ratio 
R vo and a target combined torque f^of the engine 1 
and motor/generator 2 is calculated. This corresponds 
to the process performed by a divider 803 of Fig. 4. This 
calculation is based on the fact that the torque ratio is 
equivalent to the inverse of the speed ratio. 
[0052] In a step S11 , a target motor/generator torque 
t mG is calculated by looking up a map shown in Fig. 7 
based on the target combined torque t v and the input 
rotation speed Nl of the continuously variable transmis- 
sion 3. This corresponds to the process performed by a 
target motor/generator torque setting unit 14 of Fig. 4. 
[0053] In general, the torque of the engine 1 is low in 
a low rotation speed region below a certain level, and it 
is difficult to obtain the required power with good fuel 
cost-performance in the low rotation speed region. 
[0054] On the other hand, when the motor /generator 
is driven as a motor, the output is fixed (which is a char- 
acteristic of a motor), and a large torque cannot be ob- 
tained in the high rotation speed region. In other words, 
a small torque can be output efficiently. 
[0055] In the map of Fig. 7, taking the target combined 
torque t Tf as abscissa and the target motor/generator 
torque t mG as ordinate, the taVget motor/generator 
torque t mG is made to increase linearly in the region 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 0 943 475 A2 



10 



where the target combined torque \ Tl is small, and the 
target combined torque t Tf is provided entirely by the 
motor/generator 2. 

[0056] When the target combined torque t v exceeds 
a predetermined value, the target motor/generator s 
torque t TMG is set to 0, and the target combined torque 
t v larger than this predetermined value is set to be pro- 
vided entirely by the engine 1. 
[0057] However, as the rotation speed is a determi- 
nant factor in the torque characteristics of the engine 1, 
when the input engine speed Nl is small, the point at 
which the target motor/generator torque tj^Q changes 
over to 0 should be displaced to the right of the figure, 
i.e. in the increase direction of the target combined 
torque t n Therefore, plural maps are prepared accord- 
ing to the input engine speed Nl. It should be noted that 
the reason why the input rotation speed Nl and not the 
engine rotation speed NE is used as a parameter is be- 
cause the torque ratio RTRQ is interposed between 
these two. 

[0058] Thus, when the target motor/generator torque 
*7MG determined in this way is attained, the motor/gen- 
erator 2 can supply torque efficiently. 
[0059] In a step S12, the target motor/generator 
torque t mG is subtracted from the target combined 
torque t Tl . This corresponds to the process performed 
by a subtractor 804 of Fig. 4. 

[0060] In a step S13, the torque ratio RTRQ is set by 
looking up a map shown in Fig. 8A based on the above- 
mentioned ratio As the electromagnetic clutch 10 
is interposed between the engine 1 and the continuously 
variable transmission 3, the rotation speed NE of the 
output shaft 1 A of the engine 1 is different from the ro- 
tation speed /V/ot the input shaft 3A of the continuously 
variable transmission 3, and the torque ratio RTEQ of 
the two also varies according to their speed ratio R^. 
The torque ratio RTEQ calculated in the step S13 is a 
coefficieriNor compensating this difference, and this 
corresponds to the process performed by a torque ratio 
setting unit 15 of Fig. 4. 

[0061] Finally, in a step S14, a target input torque 
h-MG is divided by the torque ratio RTRQ to calculate 
the target engine torque t TE . This corresponds to the 
process performed by a divider 805 of Fig. 4. 
[0062] If the engine controller 5 achieves this target 
engine torque t TB and the motor/generator controller 6 
achieves the target motor/generator torque t mG , the 
target combined torque t Tl , i.e., the target drive torque 
tjQ, can be generated with minimum fuel consumption, 
hence the dual objectives of good fuel cost-performance 
and good acceleration performance can be realized. 
[0063] According to this embodiment, the electromag- 
netic clutch 10 was interposed between the engine 1 
and the continuously variable transmission 3, however 
a torque converter may be used instead of the electro- 
magnetic clutch 10. In this case, the torque ratio RTRQ 
becomes larger the smaller the ratio fl^and its maxi- 
mum value is 2. Therefore, a map shown in Fig. 8B is 



used instead of the map shown in Fig. 8A in the step 

S13 or the torque ratio setting unit 15. 

[0064] Next, a second embodiment of this invention 

will be described referring to Figs. 10-13. 

[0065] In this embodiment, when a charge amount 

SOC ol the battery 11 is large, the extent to which the 

target motor/generator torque fy^can be increased is 

extended in conformance with the target combined 

torque t Tl . 

[0066] This is to prevent overcharging of the battery 
11 and economize fuel when the charge amount SOC 
is large, by intensive use of the motor /generator 2. On 
the other hand, when the charge amount SOC of the 
battery 11 is small, the motor generator 2 is driven as a 
generator despite the increase of fuel consumption, and 
the battery 11 is charged. Therefore in this particular 
case, as shown in Fig. 11, the target generator torque 
t mG is set to a negative constant value regardless of 
the target combined torque t n When the charge amount 
SOC is larger, the aforesaid increase limit is determined 
according to the value of SOC. 

[0067] For this reason, as shown in Fig. 3, a signal 
showing the charge amount SOC is input to the motor/ 
generator controller 6 from the battery 11. 
[0068] As shown by the flowchart of Fig. 13, a step 
S1 00 which reads the charge amount SOC is provided 
before the step S1 of the computing process of the target 
value setting controller 8. Furthermore, the details of the 
processing performed by the target engine rotation 
speed setting unit 13 and the target motor/generator 
torque setting unit 14 are different from those of the 
above-mentioned first embodiment. 
[0069] First, the target engine rotation speed setting 
unit 13 sets the target engine rotation speed t NE using 
a map of Fig. 1 0 instead of the map of Fig. 6. The dif- 
ference between this map and the map of Fig. 6 is that 
the battery charge amount SOC is added to the.param- 
eters for determining the target engine rotation speed 
t Ne Compared to the map of Fig. 6, in the map of Fig. 
10, the value of the target drive torque t TO is set larger 
by an amount corresponding to the charge amount SOC 
for the same target engine rotation speed t NE . In other 
words, a larger target engine speed t NE is given for the 
same target drive torque t ro . 

[0070] The target motor/generatpr torque setting un it 
1 4 calculates the target motor/generator torque t mG us- 
ing the map of Fig. 11 instead of the map of Fig. 7. The 
difference between this map and the map of Fig. 7 is 
that the charge amount SOC of the battery 11 is added 
to the parameters fbr determining the target motor/gen- 
erator torque Ij^q. According to this map, the upper lim it 
of the target motor/generator torque t mG is set larger 
for the same input rotation speed Nl, the larger the 
charge amount SOC. In the target value setting control- 
ler 8, plural maps are prepared for various input rotation 
speeds Nl and are applied selectively. 
[0071] Hence, as described hereabove, proper use of 
the motor generator 2 is achieved according to the 
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charge amount SOC of the battery 11 , and an optimum 
drive force is obtained which reconciles the dual objec- 
tives of acceleration performance and fuel cost-perform- 
ance. 

[0072] Next, a third embodiment of this invention will 
be described referring to Figs. 14-17. 
[0073] In this embodiment, the flowchart shown in Fig. 
17 is applied instead of the flowchart of Fig. 9 of the 
aforesaid first embodiment for the computing process 
by the target value setting controller 8. This is equivalent 
to a modification of the block diagram from Fig. 4 to Fig. 
14. The structure of the hardware is the same as that of 
the above-mentioned second embodiment. 
[0074] In this embodiment, after the target value set- 
ting controller 8 computes the target drive torque tjQ in 
a step S3, the vehicle speed VSP is multiplied by the 
target drive torque t TO in a step S200, and the target 
drive power tpQ is computed. This step corresponds to 
the processing of a multiplier 811 of Fig. 14. 
[0075] Next, the battery charge amount SOC is read 
in a step S100. 

[0076] In a step S201, a map shown in Fig. 15 is 
looked up based on the battery charge amount SOC, 
and a target motor power is calculated. In this map, 
in order to drive the motor/generator 2 as a motor when 
the battery charge amount SOC is large, the target mo- 
tor power t PMG is a positive value. 
[0077] When the battery charge amount is small, in 
order to drive the motor/generator 2 as a generator, the 
target motor power t PMG is a negative value. When the 
battery charge amount SOC is intermediate, the target 
motor power t PMG is 0. This processing corresponds to 
the process performed by a target motor power setting 
unit 22 of Fig. 14. 

[0078] In the following step S202, a charging efficien- 
cy 1/n, of the battery 11 from the motor/generator 2 via 
the inverter 201 is read. The charging efficiency 1/n. is 
the inverses of an output efficiency i\. This is a constant 
determined according to the specification of the device, 
and is prestored in the memory of the target value set- 
ting controller 8. 

[0079] In the following step S203, the charging effi- 
ciency 1/n, is multiplied by the target motor power tpj^Q 
to convert it to an engine power equivalent amount, and 
the engine power equivalent amount is subtracted from 
the target drive power f w calculated in the step S200 
to calculate a target engine power t pe This process cor- 
responds to the processing of an efficiency multiplier 23 
and a subtractor 812 of Fig. 14. 
[0080] In a step S204, the target engine torque r TE and 
the target engine rotation speed f WE are calculated from 
the target engine power t PE 6/looking up a map shown 
in Fig. 16. 

[0081] This map is the same as that of the map of Fig. 
6 of the aforesaid first embodiment. 
[0082] Here, an equi-power line equivalent to the tar- 
get engine power t PE is selected, and the target engine 
torque f r£ and target engine rotation speed /^corre- 



sponding to the intersection of the selected equi-power 
line and minimum fuel consumption line are read. This 
process corresponds to the processing of a target en- 
gine torque/rotation speed setting unit 24 shown in Fig. 
S 14. 

[0083] In this map, a permitted minimum value of the 
target engine power t PE is set, and if the target engine 
power t PE is less than this permitted minimum value, 
both the target engine speed t NE and target engine 
10 torque f^are set to 0. This is because when the target 
engine power t PE \$ low, the rotation speed of the engine 
1 is also low, and the engine 1 cannot supply a large 
power. In such a case, the vehicle is driven by the motor/ 
generator 2. 

is [0084] Subsequently, the target value setting control- 
ler 8 performs the same processing as that of the steps 
S5-S8 of the aforementioned first embodiment, and cal- 
culates the target speed ratio t^Q. 
[0085] Also in the step S204, the input rotation speed 

20 Nl of the continuously variable transmission 3 is read, 
and the required engine power tf^is divided by the input 
rotation speed AW in the step S11 to determine the target 
motor/generator torque ty^. 

[0086] This process corresponds to a processing of 

25 the divider 815 shown in Fig. 14. 

[0087] In this embodiment, as in the aforementioned 
second embodiment, the motor/generator 2 is used ap- 
propriately according to the charge amount SOC of the 
battery 1 1 , and an optimum drive force which reconciles 

30 the dual objectives of acceleration and fuel cost-per- 
formance is obtained. 

[0088] Also in this embodiment, the torque correction 
by the divider 805 of the aforesaid first and second em- 
bodiments may be applied to the target engine torque 

35 t TB 

[0089] Next, a fourth embodiment of this invention will 
be described referring to Figs. 18-20. 
[0090] In this embodiment, the aforesaid battery 
charging efficiency ^/r\ is modified according to battery 

40 temperature. 

[0091] For this purpose, as shown in Fig. 3, the drive 
force controller of this embodiment is provided with a 
temperature sensor 202 which detects the temperature 
[0092] TMP^ of the battery 1 1 , and inputs a corre- 

45 sponding signal into the motor/generator controller 6. 
The structure of the remaining hardware is the same as 
that of the above second and third embodiments. 
[0093] In this embodiment, a flowchart of Fig. 20 is 
used instead of the flowchart of Fig. 1 7 in the computing 

50 process of the target value setting controller 8. This is 
equivalent to a modification from Fig. 4 to Fig. 18 in the 
block diagrams. 

[0094] In this embodiment, a step S300 is performed 
instead of the step S202 of the aforesaid third embodi- 
es ment. In the step S300, the battery temperature TMP BTT 
is read. In the following step S202, the battery charging 
efficiency 1/n, is determined from the battery tempera- 
ture TMP BTT by looking up a map shown in Fig. 19. This 
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process corresponds to the processing performed by a 
battery charging efficiency setting unit 26 of Fig. 18. 
[0095] Next, the target engine torque and target 
engine rotation speed t NE are determined in the step 
S204. Here, unlike the case of the above-mentioned s 
third embodiment, the direct target engine torque t-^ 
and target engine rotation speed t N£ are calculated us- 
ing the target drive power tpQ calculated by the multiplier 
811 shown in Fig. 18, and the battery charging efficiency 
Vr\. The map used here is a map set so that the target io 
engine power t TE of the map of Fig. 16 is replaced by 
the target drive power tpQ, and the minimum value of 
the target drive power t PO becomes smaller the smaller 
the battery charging efficiency 1/n,. 
[0096] Therefore when the battery chargihg efficiency is 
1/r| is low, the usage rate of the engine 1 1ncreases, and 
when the battery charging efficiency 1/q is high, the us- 
age rate of the motor/generator 2 increases. 
[0097] By using this map, instead of subtracting the 
target motor power 1 P mq from the target drive power t PO 20 
as in the third embodiment, the target engine torque t TE 
and target engine rotation speed t NE can be directly cal- 
culated from the target drive power tpQ and battery 
charging rate 1/n.. 

[0098] This embodiment is suitable for a vehicle which 25 
mainly uses the power of the engine 1 . 
[0099] After the step S204, the same processing is 
performed as that of the steps S5-S8 of the above-men- 
tioned first embodiment to calculate the target speed ra- 
tio t HVO In a step S301 , the target engine rotation speed 30 
t NE is multiplied by the target engine torque to cal- 
culate the target engine power t PE . This process corre- 
sponds to processing performed by the multiplier 819 of 
Fig. 18. 

[0100] Further, in a step S302, the motor power fp^ G 35 
is set. 

[01 01 ] Th is is determined by subtracting the target en- 
gine poweM PF from the target drive power t PO deter- 
mined in the step S200. 

[0102] This process corresponds to the processing *o 
performed by a subtracter 820 of Fig. 18. 
[0103] Subsequently, the target motor/generator 
torque tj^ is computed by dividing the target motor 
power fpMe by the input rotation speed Nloi the contin- 
uously variable transmission 3 as in the above-men- *s 
tioned third embodiment. 

[0104] According to this embodiment, since the bat- 
tery charging efficiency 1/q of the battery is varied ac- 
cording to the battery temperature TMP BTT , the charg- 
ing efficiency 1/n. can be set even more precisely than so 
in the third embodiment. 

[0105] The permitted minimum value of the target en- 
gine power t PE can also be set based oh the cooling wa- 
ter temperature TMP of the engine 1 detected by the 
water temperature sensor 104. 55 
[0106] Fuel consumption increases the lower the 
cooling water temperature TMP, so the usage rate of the 
motor/generator 2 is increased by increasing the permit- 



ted minimum value of the target engine power t p£ \he 
lower the cooling W3tcr temperature TMP. 
[0107] Moreover, the permitted minimum value of the 
target engine power \ PB can be varied according to both 
the battery charging efficiency 1/n. and the cooling water 
temperature TMP. 

[01 08] In this case, the decrease of cooling watertem- 
perature TMP and the decrease of battery charging ef- 
ficiency 1/tj have contradictory effects on the determi- 
nation of the permitted minimum value of target engine 
power \ PB Hence in this case, the permitted minimum 
value is determined as the best compromise value in 
view of the fuel consumption. 

[01 09] The torque correction of the above first and the 
second embodiment by the divider 805 may also be ap- 
plied to the target engine torque fjp 
[0110] Next, a fifth embodiment of this invention will 
be described with reference to Figs. 21 -24. 
[0111] In this embodiment, in addition to the arrange- 
ment of the fourth embodiment, an upper limit is applied 
to the target motor power tp^Q according to the battery 
charging efficiency 1/n., an upper limit is also applied to 
the target engine power t PB and the setting of a target 
value which cannot actually be supplied is thereby pre- 
vented. 

[0112] For this purpose, the target value setting con- 
troller 8 performs a process shown in Fig. 24 instead of 
the process shown in Fig. 20 of the fourth embodiment. 
The process of Fig. 24 is equivalent to inserting steps 
S100, S201 and S400 between the steps S200 and 
S300, and inserting a step S401 between the steps 
S203 and S204, of Fig. 20. 

[0113] Describing this difference in further detail, after 
setting the target drive power f TO in the step S200 as in 
the fourth embodiment, the battery charge amount SOC 
is read in the step S 1 00. 

[0114] In the following step S201, the target motor 
power fpMQ is calculated as in the third embodiment by 
a required motor power setting device 22 shown in Fig. 
21. 

[0115] In the step S400, the target motor power t PMG 
is limited by looking up a map shown in Fig. 22 based 
on the battery charge amount SOC The value obtained 
after applying the limit is referred to as a processing val- 

ue tpMGLMT 

[0116] In Fig. 22, considering the region where the tar- 
get motor power t PMG is very small as a dead zone, the 
processing value t PMGLMT is set to 0. When the target 
motor power t PMG increases from this dead zone, the 
corresponding processing value r^MGUifr ateo increas- 
es. In the region where the target motor power t PMG is 
very large, the processing value fpMG£JWT' s determined 
by the mechanical operating limit of the motor/generator 
2. Since this operating limit varies with the battery 
charge amount SOC, the upper limit ol target motor 
power t PMG is set lower, the lower the battery charge 
amount SOC. 

[0117] In this way, when the battery charge amount 
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SOC is small, as the output of the motor/generator 2 is 
also small, the setting of a target value exceeding the 
output which can be supplied by the motor/generator 2 
is prevented by setting the upper limit of the target motor 
power t PMG low. The above process corresponds to the 
processing performed by a target motor power limiting 
unit 31 of Fig. 21. 

[0118] In the following steps S300 and S202, the 
charging efficiency 1/n, is determined as in the fourth 
embodiment based on the battery temperature TMP BTT . 
[011 9] In the calculation of the target engine power 
performed in the step S203, i.e. the subtraction per- 
formed by a subtractor 812 of Fig. 21 , the target engine 
power r^is determined by subtracting the engine power 
equivalent amount, obtained by multiplying the charging 
efficiency 1/n, by the processing value t PMQLMr , from the 
target drive power \ PO 

[0120] In a step S401 , also as regards the target en- 
gine power \ TE , a processing value Xjex^jOX the target 
engine power is calculated by looking up a map shown 
in Fig. 23. This process corresponds to the processing 
performed by a target engine power limiting unit 33 of 
Fig. 21. 

[0121] InFig. 23, considering the region wherethe tar- 
get motor power t TE is very small as a dead zone, the 
processing value r raMr issetto0. When the target mo- 
tor, power t TE increases from this dead zone, the corre- 
sponding processing value f r£LMr also increases. When 
the target motor power t TE exceeds a certain limit, the 
processing value r r£LMr reaches a maximum value t PE _ 
MAX and does not increase beyond this. This upper limit 
is equivalent to the operating limit of the engine 1 . 
[0122] Thus, the target engine torque t TE and target 
engine rotation speed t NE are determined in a step S204 
using the obtained processing value f^j^. his process 
is performed by a target engine torque/rotation speed 
setting unit 24 which is the same as that shown in Fig. 
1 4 of the ttjircf embodiment. 

[0123] The remainder of the process is the same as 
that of the fourth embodiment. According to this embod- 
iment, as the target values of motor power and engine 
power are always within a practical range, the drive 
force can be controlled to higher precision than in the 
fourth embodiment. 

[0124] This invention is applicable also to the drive 
force control of a vehicle using a motor which does not 
perform the regeneration operation of the motor/gener- 
ator 2. 

[0125] The contents of Tokugan Hei 10-72409 with a 
filing date of March 20, 1 998 in Japan, and Tokugan Hei 
11-63834 with a filing date of march 15, 1999 in Japan, 
are hereby incorporated by reference. 
[0126] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the above teachings. For example, 



the controllers may be combinations of electronic cir- 
cuits such as computing circuits instead of microcom- 
puters. 

[0127] The embodiments of this invention in which an 
s exclusive property or privilege is claimed are defined as 
follows: 

Claims 

10 

1. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
to a supply current from a battery (11), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 



20 a sensor (401) for detecting a depression 

amount of said accelerator pedal (312), 
a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 

2S sion (3), 

a sensor (315) for detecting an output rotation 
speed of said continuously variable transmis- 
sion (3), 

an engine controller (5) for varying said output 
30 torque of said engine (1 ) based on a target en- 

gine torque, 

a motor controller (6) for varying said output 
torque of said motor (2) based on a target motor 
torque, 

35 a speed ratio controller (7) for varying said 

speed ratio of said continuously variable trans- 
mission (3) based on a target speed ratio, and 
a microprocessor (8) programmed to: 

40 set a target drive torque of said vehicle 

based on said depression amount of said 
accelerator pedal (312) and said vehicle 
speed (S3, 12), 

set a target engine rotation speed based 
45 on said target drive torque (S4, 1 3), 

set said target speed ratio based on said 
target engine rotation speed and said ve- 
hicle speed (S8 : 801 , 802), 
calculate a real speed ratio of said contin- 
50 uously variable transmission (3) from the 

input rotation speed and output rotation 
speed of said continuously variable trans- 
mission (3) (S9), 

set a target combined torque of said engine 
55 (1 ) and said motor (2) based on said target 

drive torque and said real speed ratio (St 0, 
803), 

set said target motor torque based on said 
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target combined torque and said input ro- 
tation speed (311, 14), and 
set said target engine torque based on the 
difference of said target combined torque 
and said target motor torque (S14, 804, 
805). 

2. A drive force control device as defined in Claim 1, 
wherein said motor comprises a motor/generator 
(2) which operates as a generator according to the 
input of a rotation torque from said continuously var- 
iable transmission (3). 

3. A drive force control device as defined in Claim 1, 
wherein said microprocessor (8) is further pro- 
grammed to set said target drive torque to be larger 
the larger a depression amount of said accelerator 
pedal (312), and to set said target drive torque to 
be smaller the smaller said vehicle speed. 

4. A drive force control device as defined in Claim 1 , 
wherein said microprocessor (8) is further pro- 
grammed to set said target engine torque equal to 
a value obtained by dividing a difference of said tar- 
get combined torque and said target motor torque, 
by a torque ratio equal to the inverse of the ratio of 
the rotation speed of said engine (1 ) and the input 
rotation speed of said continuously variable trans- 
mission (3). 

5. A drive force control device as defined in Claim 1, 
wherein said microprocessor (8) is further pro- 
grammed to set said target combined torque equal 
to a value obtained by dividing said target drive 
torque by said real speed ratio. 

6. A drive force control device as defined in Claim 1 , 
wherem-said microprocessor (8) is further pro- 
grammed to set said target engine rotation speed 
to be larger the larger said target drive torque. 

7. A drive force control device as defined in Claim 1, 
wherein said microprocessor (8) is further pro- 
grammed to set said target motor torque to be larger 
the larger said target combined torque. 

8. A drive force control device as defined in Claim 1, 
wherein said microprocessor (8) is further pro- 
grammed to store a map which defines the relation 
of said target drive torque and said target engine 
rotation speed so as to be able to realize a prede- 
termined power with minimum fuel consumption, 
and is further programmed to determine said target 
engine rotation speed based on said target drive 
torque and said map. 

9. A drive force control device as defined in Claim 1 , 
wherein said device further comprises a sensor (11) 



for detecting a charge amount of said battery (11), 
and said microprocessor (8) Is further programmed 
to limit a maximum value of said target motor torque 
to a smaller value, the smaller said battery charge 
5 amount. 

10. A drive force control device as defined in Claim 1 , 
wherein said device further comprises a sensor (11 ) 
for delecting the charge amount of said battery (11 ), 
io and said microprocessor (8) is further programmed 
to set said target engine rotation speed to be lower 
for the same target drive torque, the larger said bat- 
tery charge amount. 

*5 11. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
to a supply current from a battery (11 ), and a speed 

20 ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 

a sensor (401) for detecting a depression 
2S amount of said accelerator pedal (312), 

a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 
sion (3), 

30 a sensor (11 ) for detecting a charge amount of 

said battery (11), 

an engine controller (5) for varying said output 
torque of said engine (1) based on a target en- 
gine torque, 

35 a motor controller (6) for varying said output 

torque of said motor (2) based on a target motor 
torque, 

a speed ratio controller (7) for varying said 
speed ratio of said continuously variable trans- 
40 mission (3) based on a target speed ratio, and 

a microprocessor (8) programmed to: 

set a target drive torque of said vehicle 
based on said depression amount of said 
45 accelerator pedal (312) and said vehicle 

speed (S3, 12), 

set a target drive power based on said tar- 
get drive torque and said vehicle speed 
(S200, 811), 

so set a target motor power based on said bat- 

tery charge amount (S201 , 22), 
set a target engine power based on said 
target drive power and said target motor 
power (S203, 33, 812), 

55 set a target engine rotation speed and tar- 

get engine torque based on said target en- 
gine power (S204, 24), 
set said target speed ratio based on said 
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target engine rotation speed and said ve- 
hicle speed (S8, 801, 802), and 
set said target motor torque based on said 
target motor power and said input rotation 
speed (811,815). s 

12. A drive force control device as defined in Claim 11 , 
wherein said motor (2) comprises a motor/genera- 
tor (2) which functions as a generator according to 
the input of a rotation torque from said continuously 10 
variable transmission (3), and said microprocessor 

(8) is further programmed to set said target motor 
power to zero when said battery charge amount is 
within a predetermined range, set said target motor 
power to a positive value when said battery charge 15 
amount is larger than said predetermined range, 
and set said target motor power to a negative value 
when said battery charge amount is less than said 
predetermined range. 

20 

13. A drive force control device as defined in Claim 11, 
wherein said microprocessor (8) is further pro- 
grammed to limit a maximum value of said target 
motor power to a smaller value, the smaller said bat- 
tery charge amount (S400, 31), and limit a maxi- 25 
mum value of said target engine power so as not to 
exceed a predetermined value (S401, 33). 

14. A drive force control device as defined in Claim 11 , 
wherein said device further comprises a sensor 30 
(202) for detecting a temperature of said battery, 
and said microprocessor (8) is further programmed 

to calculate a battery charging efficiency based on 
said battery temperature (S202, 26), and set said 
target engine power equal to a value obtained by 3S 
subtracting a value obtained by multiplying said 
charging efficiency by said target motor power from 
said target drive power (23, 812). 

15. A hybrid vehicle drive force control device for con- 40 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 

to a supply current from a battery (11 ), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 

a sensor (401) for detecting a depression 
amount of said accelerator pedal (31 2), so 
a sensor (106) for detecting a vehicle speed, 
a sensor (314) for detecting an input rotation 
speed of said continuously variable transmis- 
sion (3), 

a sensor (202) for detecting a temperature of 55 
said battery (11), 

an engine controller (5) for varying said output 
torque of said engine (1) based on a target en- 



gine torque, 

a motor controller (6) for varying said output 
torque of said motor (2) based on a target motor 
torque, 

a speed ratio controller (7) for varying said 
speed ratio of said continuously variable trans- 
mission (3) based on a target speed ratio, and 
a microprocessor (8) programmed to: 

set a target drive torque of said vehicle 
based on said depression amount of said 
accelerator pedal (312) and said vehicle 
speed (S3, 12), 

set a target drive power based on said tar- 
get drive torque and said vehicle speed 
(S200, 811), 

calculate a charging efficiency of said bat- 
tery (11 ) based on said battery temperature 
(S20!2, 26) 

set a target engine torque and target en- 
gine rotation speed based on said target 
drive power and said charging efficiency 
(S204, 24, 27), 

set said target speed ratio based on said 
target engine rotation speed and said ve- 
hicle speed (S8 : 801, 802), 
calculate a target engine power based on 
said target engine torque and said target 
engine rotation speed (S301, 81 9), 
calculate a target motor power by subtract- 
ing said target engine power from said tar- 
get drive power (S302, 820), and 
set said target motor torque based on said 
target motor power and said input rotation 
speed (S11, 815). 

16. A drive force control device as defined in Claim 15, 
wherein said microprocessor (8) is further pro- 
grammed to set said target engine torque to zero 
when said target drive power is less than a prede- 
termined value. 

17. A drive force control device as defined in Claim 16, 
wherein said microprocessor (8) is further pro- 
grammed to vary said predetermined value accord- 
ing to said charging efficiency .♦ 

18. A hybrid vehicle drive force control device for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 
to a supply current from a battery (11), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1) and said mo- 
tor (2), comprising: 

means (401 ) for detecting a depression amount 
of said accelerator pedal (312), 
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means (106) for detecting a vehicle speed, 
means (314) tor detecting an input relation 
speed of said continuously variable transmis- 
sion (3), 

means (315) for detecting an' output rotation s 
speed of said continuously variable transmis- 
sion (3), 

means (S3, 1 2), for setting a target drive torque 
of said vehicle based on said depression 
amount ot said accelerator pedal (31 2) and said 10 
vehicle speed 

means (S4, 1 3) for setting a target engine rota- 
tion speed based on said target drive torque, 
means (S8, 801 , 802) for setting a target speed 
ratio based on said target engine rotation speed is 
and said vehicle speed, 
means (S9) for calculating a real speed ratio of 
said continuously variable transmission (3) 
from the input rotation speed and output rota- 
tion speed of said continuously variable trans- 20 
mission (3), 

means (S10, 803) for setting a target combined 
torque of said engine (1) and said motor (2) 
based on said target drive torque and said real 
speed ratio, ? s 
means (S11, 14) for setting a target motor 
torque based on said target combined torque 
and said input rotation speed, 
means (S14, 804, 805) for setting a target en- 
gine torque based on the difference of said tar- 30 
get combined torque and said target motor 
torque, 

means (5) for varying an output torque of said 
engine (1) based on said target engine torque, 
means (6) for varying said output torque of said 35 
motor (2) based on said target motor torque, 
and 

mSans (7) for varying a speed ratio of said con- 
tinuously variable transmission (3) based on 
said target speed ratio. *o 

1 9. A hybrid vehicle drive force control method for con- 
trolling, according to a depression of an accelerator 
pedal (312), an output torque of an engine (1), an 
output torque of a motor (2) which varies according 45 
to a supply current from a battery (11), and a speed 
ratio of a continuously variable transmission (3) 
which is connected to said engine (1 ) and said mo- 
tor (2), comprising: 

so 

detecting a depression amount of said acceler- 
ator pedal (312), 
detecting a vehicle speed, 
detecting an input rotatbn speed of said con- 
tinuously variable transmission (3), 55 
detecting an output rotation speed of said con- 
tinuously variable transmission (3), 
setting a target drive torque of said vehicle 



based on said depression amount of said ac- 
celerator pedal (312) and said vehicle speed, 
setting a target engine rotation speed based on 
said target drive torque, 
setting a target speed ratio based on said target 
engine rotation speed and said vehicle speed, 
calculating a real speed ratio of said continu- 
ously variable transmission (3) from the input 
rotation speed and output rotation speed of said 
continuously variable transmission (3), 
setting a target combined torque of said engine 
(1 ) and said motor (2) based on said target drive 
torque and said real speed ratio, 
setting a target motor torque based on said tar- 
get combined torque and said input rotation 
speed, 

setting a target engine torque based on the dil- 
ference of said target combined torque and said 
target motor torque, 

varying an output torque of said engine (1) 
based on said target engine torque, 
varying said output torque of said motor (2) 
based on sad target motor torque, and 
varying a speed ratio of said continuously var- 
iable transmission (3) based on said target 
speed ratio. 
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